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(57) ABSTRACT

In one aspect, the disclosure relates to a scaflold for a class
of small molecules that selectively imnhibit the o334 nicotinic
acetylcholine receptor (nAChR) subtype, as well as mol-
ecules constructed using the scatiold and syntheses thereof.
In some aspects, the scaflold can be used as a basis for
synthesizing additional molecules capable of selectively
inhibiting other nAChR subtypes. In a further aspect, the
disclosed small molecules can be used as molecular probes
to mvestigate the function of different nAChR subtypes and
as potential treatments for addiction and other diseases.
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SUBSTITUTED
HETERO-BICYCLOCOMPOUNDS AS
SUBTYPE SELECTIVE NICOTINIC
ACETYLCHOLINE RECEPTOR INHIBITORS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 63/224,115 filed on Jul. 21, 2021, and
U.S. Provisional Application No. 63/321,145 filed on Mar.
18, 2022, each of which 1s incorporated herein by reference
in 1ts entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under grant number Al116441 awarded by the National
Institutes of Health. The government has certain rights 1n
this invention.

BACKGROUND

[0003] Plants of the Aristotelia genus produce a family of
alkaloids that feature indoles bonded to a monoterpene. In
most monoterpene indole alkaloids, the terpenoid portion 1s
derived from secologanin. In contrast, the Aristotelia alka-
loids incorporate tryptamine with a non-rearranged geranyl
unit. The resulting Aristotelia 1indole alkaloids possess a
characteristic 3-azabicyclo[3.3.1]nonane architecture, as 1n
hobartine (FIG. 1). Additional family members such as
peduncularine and aristoteline arise through cyclization with
and rearrangements of the azabicyclic core. The related
quinoline alkaloid aristoquinoline (1) was 1solated from the
leaves of Aristotelia chilensis in 1993. The biological activ-
ity of 1 went unminvestigated for >25 years, but recently,
Arnias et al. determined that 1 1s an antagonist of the nicotinic
acetylcholine receptors (nAChRs). Notably, 1 demonstrated
an uncommon and desirable preference for the .34 subtype
of nAChRs, which have been proposed as targets to treat a
variety of substance use disorders.

[0004] Driven by this rare subtype selectivity, an eflicient
synthesis of 1 was developed to characterize its biological
activity. However, unlike the indole-containing Aristotelia
alkaloids, whose absolute configurations have been con-
firmed by X-ray crystallography and total synthesis, neither
the absolute configuration nor the specific rotation of 1 has
been reported. Moreover, the configuration of the C9 ste-
reogenic center reported by Arias differs from that originally
proposed by Cespedes. Thus, while the configuration of 1
depicted 1n FIG. 1 may be inferred from other Aristotelia
alkaloids, the relative and absolute configurations of 1 have
never before been determined.

[0005] The nicotinic acetylcholine receptors (nAChRs)
are a family of 1onic channels found throughout the central
and peripheral nervous system, where they play an impor-
tant role 1 responding to the neurotransmitter acetylcholine.
In humans there are 8 alpha and 3 beta subumts that
assemble 1nto different combinations of alpha and/or beta
subunits; these combinations are known as nAChRs sub-
types. Diflerent nAChRs subtypes are found in diflerent
regions of the nervous system and thus play different roles
in normal function and different diseases. For instance, the
a3b4 subtype found 1n regions in the brain associated with
drug addiction. Although compounds that inhibit the recep-
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tors are known-some of which have been used clinically-few
are able to selectively inhibit specific subtypes. There 1s
currently a lack of small molecules that inhibit different
nAChR subtypes with a high degree of selectivity. Those
that do exist generally sufler from poor drug-like properties
that prevent their use 1 the clinic. Thus, 1t would be
desirable to develop small molecules having improved drug-
like properties for use 1n conditions associated with aberrant

nAChR activity.

[0006] Despite advances in research relating to small
molecule mhibitors of nAChR, there 1s still a scarcity of
compounds that are potent, eflicacious, and selective 1nhibi-
tors of specific nAChR subtypes, and also eflective in the
treatment of diseases and disorders associated with aberrant
nAChR activity. These needs and other needs are satisfied by
the present disclosure.

SUMMARY

[0007] In accordance with the purpose(s) of the present
disclosure, as embodied and broadly described herein, the
disclosure, 1n one aspect, relates to a scaflold for a class of
small molecules that selectively inhibit the a334 nicotinic
acetylcholine receptor (nAChR) subtype, as well as mol-
ecules constructed using the scatfold and syntheses thereof.
In some aspects, the scaflold can be used as a basis for
synthesizing additional molecules capable of selectively
inhibiting other nAChR subtypes. In a further aspect, the
disclosed small molecules can be used as molecular probes
to investigate the function of different nAChR subtypes and
as potential treatments for addiction and other diseases.

[0008] In one aspect, the disclosed compounds are com-

pounds of Formula I or a pharmaceutically acceptable salt
thereof:

[0009] wherein R' and R* are independently selected
from hydrogen, C1-C4 alkyl, C1-C4 haloalkyl, C3-C6
cycloalkyl, phenyl, and deuterated C1-C4 alkyl, or
wherein R and R” together are part of a cycloalkyl
group,

[0010]

[0011] wherein R° is selected from hydrogen, C1-C4
alkyl, and acetyl; and

[0012] wherein R* is selected from (1) a C1-C4 alkyl or
alkenyl group substituted with a substituted or unsub-
stituted aryl group or (2) a substituted or unsubstituted
5 to 10-membered aryl or heteroaryl group:;

[0013] provided that when R' and R* are methyl and R>
is NH, R* is not

wherein R> is selected from NR”, S, and O:
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[0014] Other systems, methods, features, and advantages

of the present disclosure will be or become apparent to one
with skill 1n the art upon examination of the following
drawings and detailed description. It 1s intended that all such
additional systems, methods, features, and advantages be
included within this description, be within the scope of the
present disclosure, and be protected by the accompanying,
claims. In addition, all optional and preferred features and
modifications of the described embodiments are usable 1n all
aspects of the disclosure taught herein. Furthermore, the
individual features of the dependent claims, as well as all
optional and preferred features and modifications of the
described embodiments are combinable and interchangeable
with one another.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Many aspects of the present disclosure can be
better understood with reference to the following drawings.
The components 1n the drawings are not necessarily to scale,
emphasis mstead being placed upon clearly illustrating the
principles of the present disclosure. Moreover, 1n the draw-
ings, like reference numerals designate corresponding parts
throughout the several views.

[0016] FIG. 1 shows convergent Ritter-like reactions
between monoterpenes and nitriles are employed to synthe-
size the characteristic Aristotelia azabicyclic scatflold.

[0017] FIGS. 2A-2B show dual agonist/antagonist fluo-
rescence assays. For calcium measurements, fluorescence
measurements (Ex: 485 nM, Em: 525, Cutofl: 515 nM) were
taken for 20 seconds prior to addition of compounds (50 uL
of HBSS+0.1% DMSO solution at 5x final concentration)
using a FlexStation 3 followed by 90 seconds of continuous
measurements. For agonist assays, 12 concentrations of test
compounds were added to the cells (300 uM-100 uM, final
concentrations). Epibatidine (30 uM-10 uM) and mecam-
ylamine (150 uM-50 uM) were used as agonists (FIG. 2A)
and antagonist (FIG. 2B) positive controls.

[0018] FIGS. 3A-3B show concentration response curves.
Ligand response for both agomist (FIG. 3A) and antagonist
(FIG. 3B) data was calculated by subtracting the average of
the pre-addition fluorescence (F_ ) from the maximum
response (F_ ) for each well, correcting to a DMSO con-
trol, and normalizing to the maximal response produced by
epibatidine. Each concentration-response point represents a
mimmum of two technical replicates and three biological
replicates. EC., E__ and IC,, values were calculated from
corresponding concentration-response curves fitted using
the logistical curve 1n OriginPro.

[0019] FIG. 4 shows an X-ray crystal structure of aristo-
quinoline ((-)-1).

[0020] Additional advantages of the invention will be set
torth in part in the description which follows, and 1n part will
be obvious from the description, or can be learned by
practice of the mvention. The advantages of the invention
will be realized and attained by means of the elements and
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combinations particularly pointed out in the appended
claims. It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

DETAILED DESCRIPTION

[0021] Daisclosed herein are compounds of Formula I or a
pharmaceutically acceptable salt thereof

Formula I

[0022] wherein R' and R® are independently selected
from hydrogen, C1-C4 alkyl, C1-C4 haloalkyl, C3-C6
cycloalkyl, phenyl, and deuterated C1-C4 alkyl, or
wherein R' and R” together are part of a cycloalkyl

group;,
[0023] wherein R is selected from NR>, S, and O;
[0024] wherein R” is selected from hydrogen, C1-C4

alkyl, and acetyl; and

[0025] wherein R* is selected from (1) a C1-C4 alkyl or
alkenyl group substituted with a substituted or unsub-
stituted aryl group or (2) a substituted or unsubstituted
5 to 10-membered aryl or heteroaryl group:;

[0026] provided that when R' and R* are methyl and R’
is NH, R* is not

7\

N

[0027] Inanother aspect, disclosed herein 1s the compound
of Formula I, wherein R' and R* are independently selected
from hydrogen, methyl, and ethyl. In some aspects, R' and
R? are both methyl, or are together both part of a cyclopropyl

group.

[0028] In still another aspect, R® can be NR” and R> can be

selected from hydrogen, methyl, or ethyl. In another aspect,
R can be O. In some aspects, in the compounds of Formula
I, R' and R”* are methyl and R> is NH.

[0029] In still another aspect, R* is a phenyl group sub-
stituted with one or more of: hydroxyl, nitro, amino, halo,
C,-C, haloalkyl, C,-C, alkoxy, or C,-C, alkyl, C3-C6
cycloalkyl, or any combination thereof, or a quinoline group
substituted with one or more of: hydroxyl, nitro, amino,
halo, C,-C, haloalkyl, C,-C, alkoxy, or C,-C, alkyl, C3-C6
cycloalkyl, or any combination thereof.
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[0030] In another aspect, R* can be
Rﬁfj
Rﬁd Rﬁb
Rﬁe Rﬁﬂ

and R° R°”, R°, R®? and R®® are independently selected
from hydrogen, halogen, hydroxyl, N-acetyl, —OCF, nitro,
1sopropyl, cyclopropyl, tert-butyl, dimethylamino, or any
combination thereof.

[0031] In still another aspect, R* can be
R?b RT’E R?b R?r:
)\ R?d )\ R?d
N AN AN N X X
| o |
Ta / / Ta / \/
R RTE R RTE
R?f R?f AN

and R7%, R’”, R7°, R’ R’°, and R” are independently
selected from hydrogen, halogen, hydroxyl, N-acetyl,
—QCF,, nitro, 1sopropyl, cyclopropyl, tert-butyl, dimethyl-
amino, or any combination thereof.

[0032] In any of these aspects, R* can be selected from
ﬁ/\ij (\/\ ‘ N
> N ; ;
NG NN NN A
b
‘/\ N Ny ‘)\/N\
:/:\/N= e ;/; P
b
b )\ N N
\‘ A N { ‘/\/ N
HO N
. X
‘ N\ P ‘ XY
yars
P\ A
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-continued
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-continued

-continued
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-continued -continued
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[0033] In one aspect, the compound of Formula I 1s

HN
e
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-continued -continued

or a pharmaceutically acceptable salt thereot. In yet another
aspect, the compound of Formula I 1s
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-continued
F3C
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-continued

HN

L r'rrfff /

F3C

or a pharmaceutically acceptable salt thereof.

[0034] In an aspect, the compound can be a (+) enan-
tiomer, a (-) enantiomer, or any combination thereof, where
(+) and (-) enantiomers are determined by measuring optical
rotation of the compound using a polarimeter. In one aspect,
the compound of Formula I has a chiral center a

Jul. 25, 2024

and the stereochemistry at chiral center a 1s substantially R,
substantially S, or racemic.

[0035] Also disclosed herein 1s a method for inhibiting the
activity of at least one nicotinic acetylcholine receptor
(nAChR) subtype, the method mcluding contacting the
nAChR subtype with a disclosed compound. In a further
aspect, the at least one nAChR subtype 1s an a.3(34 nAChR.
In still another aspect, the compound has an IC., for the
nAChR subtype of less than about 1 uM. In a further aspect,
the compound has an IC., for the nAChR subtype of from
about 0.25 to about 0.5 uM.

[0036] Furthermore, disclosed herein are pharmaceutical
compositions including a disclosed compound, an enan-
tiomer thereot, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier or excipient.

[0037] In one aspect, disclosed herein 1s method for treat-
ing or preventing a disease or disorder associated with
aberrant activity of at least one nicotinic acetylcholine
receptor (nAChR) subtype 1n a subject, the method 1nclud-
ing administering a therapeutically eflective amount a dis-
closed compound or pharmaceutical composition to the
subject. In another aspect, the at least one nAChR subtype
1s an o334 nAChR and the subject 1s a mammal such as, for
example, a human, dog, cat, rat, mouse, guinea pig, non-
human primate, rabbit, or horse. In still another aspect, the
disease or disorder can be substance abuse, addiction, or any
combination thereof.

Pharmaceutical Compositions

[0038] In certain aspects, the disclosure provides a phar-
maceutical composition comprising a therapeutically eflec-
tive amount of a compound disclosed herein, and one or
more pharmaceutically acceptable diluents, preservatives,
solubilizers, emulsifiers, adjuvants, excipients, or carriers.
The pharmaceutical composition can be used, for example,
for treating substance abuse or addiction 1n a subject.

[0039] In certain aspects, the disclosure provides a phar-
maceutical composition comprising the compounds of the
disclosure together with one or more pharmaceutically
acceptable excipients or vehicles, and optionally other thera-
peutic and/or prophylactic ingredients. Such excipients
include liquids such as water, saline, glycerol, polyethylene
glycol, hyaluromic acid, ethanol, and the like.

[0040] Suitable excipients for non-liquid formulations are
also known to those of skill in the art. A thorough discussion
of pharmaceutically acceptable excipients and salts 1s avail-
able 1n Remington’s Pharmaceutical Sciences, 18th Edition
(Easton, Pennsylvania: Mack Publishing Company, 1990).

[0041] Additionally, auxiliary substances, such as wetting
or emulsilying agents, biological buflering substances, sur-
factants, and the like, can be present 1n such vehicles. A
biological bufler can be any solution which i1s pharmaco-
logically acceptable and which provides the formulation
with the desired pH, 1.e., a pH in the physiologically
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acceptable range. Examples of bufler solutions include
saline, phosphate buflered saline, Tris buflered saline,

Hank’s buflered saline, and the like.

[0042] Depending on the intended mode of administration,
the pharmaceutical compositions can be in the form of solid,
semi-solid or liquid dosage forms, such as, for example,
tablets, suppositories, pills, capsules, powders, liquids, sus-
pensions, creams, omntments, lotions, or the like, preferably
in unit dosage form suitable for single administration of a
precise dosage. The compositions will include an effective
amount of the selected drug in combination with a pharma-
ceutically acceptable carrier and, in addition, can include

other pharmaceutical agents, adjuvants, diluents, buflers,
and the like.

[0043] In general, the compositions of the disclosure will
be administered 1n a therapeutically eflective amount by any
of the accepted modes of administration. Suitable dosage
ranges depend upon numerous factors such as the severity of
the disease to be treated, the age and relative health of the
subject, the potency of the compound used, the route and
form of administration, the indication towards which the
administration 1s directed, and the preferences and experi-
ence of the medical practitioner involved. One of ordinary
skill 1n the art of treating such diseases will be able, without
undue experimentation and 1n reliance upon personal knowl-
edge and the disclosure of this application, to ascertain a
therapeutically eflective amount of the compositions of the
disclosure for a given disease.

[0044] Thus, the compositions of the disclosure can be
administered as pharmaceutical formulations including
those suitable for oral (including buccal and sub-lingual),
rectal, nasal, topical, pulmonary, vaginal, or parenteral (in-
cluding intramuscular, intra-arterial, intrathecal, subcutane-
ous, and intravenous) administration or 1n a form suitable for
administration by inhalation or insufllation. The preferred
manner ol administration 1s intravenous or oral using a
convenient daily dosage regimen which can be adjusted
according to the degree of afiliction.

[0045] For solid compositions, conventional nontoxic
solid carriers include, for example, pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium sac-
charin, talc, cellulose, glucose, sucrose, magnesium carbon-
ate, and the like. Liqud pharmaceutically administrable
compositions can, for example, be prepared by dissolving,
dispersing, and the like, an active compound as described
herein and optional pharmaceutical adjuvants 1n an excipi-
ent, such as, for example, water, saline, aqueous dextrose,
glycerol, ethanol, and the like, to thereby form a solution or
suspension. If desired, the pharmaceutical composition to be
administered can also contain minor amounts ol nontoxic
auxiliary substances such as wetting or emulsitying agents,
pH bullering agents and the like, for example, sodium
acetate, sorbitan monolaurate, triethanolamine sodium
acetate, triethanolamine oleate, and the like. Actual methods
of preparing such dosage forms are known, or will be
apparent, to those skilled in this art; for example, see
Remington’s Pharmaceutical Sciences, referenced -else-
where herein.

[0046] In yet another embodiment is the use of permeation
enhancer excipients including polymers such as: polycations
(chitosan and 1ts quaternary ammonium derivatives, poly-
L-arginine, aminated gelatin); polyanions (N-carboxym-
cthyl chitosan, poly-acrylic acid); and thiolated polymers
(carboxymethyl cellulose-cysteine, polycarbophil-cysteine,
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chitosan-thiobutylamidine, chitosan-thioglycolic acid, chi-
tosan-glutathione conjugates).

[0047] For oral administration, the composition will gen-
crally take the form of a tablet, capsule, a sottgel capsule or
can be an aqueous or nonaqueous solution, suspension, or
syrup. Tablets and capsules are preferred oral administration
forms. Tablets and capsules for oral use can include one or
more commonly used carriers such as lactose and corn
starch. Lubricating agents, such as magnesium stearate, are
also typically added. Typically, the compositions of the
disclosure can be combined with an oral, non-toxic, phar-
maceutically acceptable, inert carrier such as lactose, starch,
sucrose, glucose, methyl cellulose, magnesium stearate,
dicalcium phosphate, calcium sulfate, mannitol, sorbitol,
and the like. Moreover, when desired or necessary, suitable
binders, lubricants, disintegrating agents, and coloring
agents can also be incorporated into the mixture. Suitable
binders include starch, gelatin, natural sugars such as glu-
cose or beta-lactose, corn sweeteners, natural and synthetic
gums such as acacia, tragacanth, or sodium alginate, car-
boxymethylcellulose, polyethylene glycol, waxes, and the
like. Lubricants used in these dosage forms include sodium
oleate, sodium stearate, magnesium stearate, sodium benzo-
ate, sodium acetate, sodium chloride, and the like. Disinte-
grators include, without limitation, starch, methyl cellulose,
agar, bentonite, xanthan gum, and the like.

[0048] When liquid suspensions are used, the active agent
can be combined with any oral, non-toxic, pharmaceutically
acceptable 1ert carrier such as ethanol, glycerol, water, and
the like and with emulsifying and suspending agents. IT
desired, tlavoring, coloring and/or sweetening agents can be
added as well. Other optional components for incorporation
into an oral formulation herein include, but are not limited

to, preservatives, suspending agents, thickenming agents, and
the like.

[0049] Parenteral formulations can be prepared 1n conven-
tional forms, either as liquid solutions or suspensions, solid
forms suitable for solubilization or suspension 1n liquid prior
to 1njection, or as emulsions. Preferably, sterile injectable
suspensions are formulated according to techmques known
in the art using suitable carriers, dispersing or wetting
agents, and suspending agents.

[0050] The sterile injectable formulation can also be a
sterile 1njectable solution or a suspension 1n a nontoxic
parenterally acceptable diluent or solvent. Among the
acceptable vehicles and solvents that can be employed are
water, Ringer’s solution, and isotonic sodium chloride solu-
tion. In addition, sterile, fixed oils, fatty esters or polyols are
conventionally employed as solvents or suspending media.
In addition, parenteral administration can imnvolve the use of
a slow release or sustained release system such that a
constant level of dosage 1s maintained.

[0051] Parenteral administration includes intraarticular,
intravenous, intramuscular, intradermal, intraperitoneal, and
subcutaneous routes, and include aqueous and non-aqueous,
1sotonic sterile njection solutions, which can contain anti-
oxidants, buflers, bacteriostats, and solutes that render the
formulation 1sotonic with the blood of the intended recipi-
ent, and aqueous and non-aqueous sterile suspensions that
can include suspending agents, solubilizers, thickening
agents, stabilizers, and preservatives. Administration via
certain parenteral routes can involve introducing the formu-
lations of the disclosure 1nto the body of a patient through a
needle or a catheter, propelled by a sterile syringe or some
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other mechanical device such as an continuous infusion
system. A formulation provided by the disclosure can be
administered using a syringe, injector, pump, or any other
device recognized 1n the art for parenteral administration.
[0052] Preferably, sterile injectable suspensions are for-
mulated according to techniques known m the art using
suitable carriers, dispersing or wetting agents, and suspend-
ing agents. The sterile injectable formulation can also be a
sterile 1njectable solution or a suspension 1 a nontoxic
parenterally acceptable diluent or solvent. Among the
acceptable vehicles and solvents that can be employed are
water, Ringer’s solution, and isotonic sodium chloride solu-
tion. In addition, sterile, fixed oils, fatty esters, or polyols are
conventionally employed as solvents or suspending media.
In addition, parenteral administration can involve the use of
a slow release or sustained release system such that a
constant level of dosage 1s maintained.

[0053] Preparations according to the disclosure for paren-
teral administration include sterile aqueous or non-aqueous
solutions, suspensions, or emulsions. Examples of non-
aqueous solvents or vehicles are propylene glycol, polyeth-
ylene glycol, vegetable oils, such as olive o1l and com oil,
gelatin, and injectable organic esters such as ethyl oleate.
Such dosage forms can also contain adjuvants such as
preserving, wetting, emulsifying, and dispersing agents.
They can be sterilized by, for example, filtration through a
bacteria retaining filter, by incorporating sterilizing agents
into the compositions, by irradiating the compositions, or by
heating the compositions.

[0054] They can also be manufactured using sterile water,
or some other sterile mnjectable medium, immediately before
use

[0055] Sterile injectable solutions are prepared by incor-
porating one or more of the compounds of the disclosure in
the required amount in the appropriate solvent with various
of the other ingredients enumerated above, as required,
followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the various sterilized active ingre-
dients 1nto a sterile vehicle which contains the basic disper-
sion medium and the required other imngredients from those
enumerated above. In the case of sterile powders for the
preparation of sterile imjectable solutions, the preferred
methods of preparation are vacuum-drying and freeze-dry-
ing techniques which yield a powder of the active ingredient
plus any additional desired ingredient from a previously
sterile-filtered solution thereof. Thus, for example, a paren-
teral composition suitable for administration by 1njection 1s
prepared by stirring 1.5% by weight of active ingredient in
10% by volume propylene glycol and water. The solution 1s
made 1sotonic with sodium chloride and sterilized.

[0056] Alternatively, the pharmaceutical compositions of
the disclosure can be administered in the form of supposi-
tories for rectal administration. These can be prepared by
mixing the agent with a suitable nonirritating excipient
which 1s solid at room temperature but liquid at the rectal
temperature and therefore will melt in the rectum to release
the drug. Such materials include cocoa butter, beeswax, and
polyethylene glycols.

[0057] The pharmaceutical compositions of the disclosure
can also be administered by nasal aerosol or inhalation. Such
compositions are prepared according to techniques well-
known 1n the art of pharmaceutical formulation and can be
prepared as solutions 1n saline, employing benzyl alcohol or
other suitable preservatives, absorption promoters to
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enhance bioavailability, propellants such as fluorocarbons or
nitrogen, and/or other conventional solubilizing or dispers-
ing agents.

[0058] Preferred formulations for topical drug delivery are
omtments and creams. Omtments are semisolid preparations
which are typically based on petrolatum or other petroleum
derivatives. Creams containing the selected active agent,
are, as known in the art, viscous liquid or semisolid emul-
sions, either oil-in-water or water-in-oil. Cream bases are
water-washable, and contain an o1l phase, an emulsifier, and
an aqueous phase. The o1l phase, also sometimes called the
“internal” phase, 1s generally comprised of petrolatum and a
fatty alcohol such as cetyl or stearyl alcohol; the aqueous
phase usually, although not necessarily, exceeds the oil
phase 1n volume, and generally contains a humectant. The
emulsifier in a cream formulation 1s generally a nonionic,
anionic, cationic, or amphoteric surfactant. The specific
omtment or cream base to be used, as will be appreciated by
those skilled 1n the art, 1s one that will provide for optimum
drug delivery. As with other carriers or vehicles, an omtment
base should be 1nert, stable, nonirritating and nonsensitizing.

[0059] Formulations for buccal administration include
tablets, lozenges, gels, and the like. Alternatively, buccal
administration can be eflected using a transmucosal delivery
system as known to those skilled in the art. The compounds
of the disclosure can also be delivered through the skin or
muscosal tissue using conventional transdermal drug deliv-
ery systems, 1.e., transdermal “patches” wherein the agent 1s
typically contained within a laminated structure that serves
as a drug delivery device to be aflixed to the body surface.
In such a structure, the drug composition 1s typically con-
tained 1n a layer, or “reservoir,” underlying an upper backing
layer. The laminated device can contain a single reservoir, or
it can contain multiple reservoirs. In one embodiment, the
reservolr comprises a polymeric matrix of a pharmaceuti-
cally acceptable contact adhesive material that serves to athx
the system to the skin during drug delivery. Examples of
suitable skin contact adhesive materials include, but are not
limited to, polyethylenes, polysiloxanes, polyisobutylenes,
polyacrylates, polyurethanes, and the like. Alternatively, the
drug-containing reservoir and skin contact adhesive are
present as separate and distinct layers, with the adhesive
underlying the reservoir which, 1n this case, can be either a
polymeric matrix as described above, or 1t can be a liquid or
gel reservoir, or can take some other form. The backing layer
in these laminates, which serves as the upper surface of the
device, functions as the primary structural element of the
laminated structure and provides the device with much of 1ts
flexibility. The material selected for the backing layer should
be substantially impermeable to the active agent and any
other materials that are present.

[0060] The compositions of the disclosure can be formu-
lated for aerosol administration, particularly to the respira-
tory tract and including intranasal administration. The com-
pound will generally have a small particle size for example
of the order of 5 microns or less. Such a particle size can be
obtained by means known in the art, for example by
micronization. The active ingredient 1s provided in a pres-
surized pack with a suitable propellant such as a chlorotluo-
rocarbon (CFC) for example dichlorodifluoromethane,
trichlorofluvoromethane, or dichlorotetrafiluoroethane, carbon
dioxide or other suitable gas. The aerosol can conveniently
also contain a surfactant such as lecithin. The dose of drug
can be controlled by a metered valve. Alternatively the
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active ingredients can be provided 1n a form of a dry powder,
for example a powder mix of the compound 1n a suitable
powder base such as lactose, starch, starch derivatives such
as hydroxypropylmethyl cellulose and polyvinylpyrrolidine
(PVP). The powder carrier will form a gel in the nasal cavity.
The powder composition can be presented 1n unit dose form
for example in capsules or cartridges of e.g., gelatin or
blister packs from which the powder can be administered by
means ol an inhaler.

[0061] A pharmaceutically or therapeutically eflective
amount of the composition will be delivered to the subject.
The precise effective amount will vary from subject to
subject and will depend upon the species, age, the subject’s
s1ze and health, the nature and extent of the condition being
treated, recommendations of the treating physician, and the
therapeutics or combination of therapeutics selected for
administration. Thus, the eflective amount for a given situ-
ation can be determined by routine experimentation. For
purposes of the disclosure, generally a therapeutic amount
will be 1n the range of about 0.01 mg/kg to about 250 mg/kg
body weight, more preferably about 0.1 mg/kg to about 10
mg/kg, 1n at least one dose. In larger mammals the indicated
daily dosage can be from about 1 mg to 300 mg, one or more
times per day, more preferably 1n the range of about 10 mg
to 200 mg. The subject can be administered as many doses
as 1s required to reduce and/or alleviate the signs, symptoms,
or causes ol the disorder in question, or bring about any
other desired alteration of a biological system. When
desired, formulations can be prepared with enteric coatings
adapted for sustained or controlled release administration of
the active ingredient.

[0062] The pharmaceutical preparations are preferably 1n
unit dosage forms. In such form, the preparation 1s subdi-
vided 1nto unit doses containing appropriate quantities of the
active component. The unit dosage form can be a packaged
preparation, the package containing discrete quantities of
preparation, such as packeted tablets, capsules, and powders
in vials or ampoules. Also, the unit dosage form can be a
capsule, tablet, cachet, or lozenge itself, or 1t can be the
appropriate number of any of these 1n packaged form.

[0063] Many modifications and other embodiments dis-
closed herein will come to mind to one skilled 1n the art to
which the disclosed compositions and methods pertain hav-
ing the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, 1t 1s to
be understood that the disclosures are not to be limited to the
specific embodiments disclosed and that modifications and
other embodiments are intended to be included within the
scope of the appended claims. The skilled artisan waill
recognize many variants and adaptations of the aspects
described herein. These wvarniants and adaptations are
intended to be included 1n the teachings of this disclosure
and to be encompassed by the claims herein.

[0064] Although specific terms are employed herein, they
are used 1n a generic and descriptive sense only and not for
purposes of limitation.

[0065] As will be apparent to those of skill in the art upon
reading this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
disclosure.
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[0066] Any recited method can be carried out 1n the order
of events recited or 1 any other order that 1s logically
possible. That 1s, unless otherwise expressly stated, 1t 1s in no
way 1ntended that any method or aspect set forth herein be
construed as requiring that its steps be performed 1n a
specific order. Accordingly, where a method claim does not
specifically state 1n the claims or descriptions that the steps
are to be limited to a specific order, 1t 1s no way intended that
an order be mferred, in any respect. This holds for any
possible non-express basis for interpretation, including mat-
ters of logic with respect to arrangement of steps or opera-
tional flow, plain meaning derived from grammatical orga-
nization or punctuation, or the number or type ol aspects
described in the specification.

[0067] All publications mentioned herein are incorporated
herein by reference to disclose and describe the methods
and/or materials 1 connection with which the publications
are cited. The publications discussed herein are provided
solely for their disclosure prior to the filing date of the
present application. Nothing herein 1s to be construed as an
admission that the present invention 1s not entitled to ante-
date such publication by virtue of prior invention. Further,
the dates of publication provided herein can be different
from the actual publication dates, which can require 1nde-
pendent confirmation.

[0068] While aspects of the present disclosure can be
described and claimed 1n a particular statutory class, such as
the system statutory class, this 1s for convenience only and
one of skill 1n the art will understand that each aspect of the
present disclosure can be described and claimed 1n any
statutory class.

[0069] Itis also to be understood that the terminology used
herein 1s for the purpose of describing particular aspects
only and i1s not intended to be limiting. Unless defined
otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of
ordinary skill 1in the art to which the disclosed compositions
and methods belong. It will be further understood that terms,
such as those defined in commonly used dictionaries, should
be 1nterpreted as having a meaning that 1s consistent with
their meaning in the context of the specification and relevant
art and should not be interpreted 1n an 1dealized or overly
formal sense unless expressly defined herein.

[0070] Prior to describing the various aspects of the pres-
ent disclosure, the following definitions are provided and
should be used unless otherwise indicated. Additional terms
may be defined elsewhere 1n the present disclosure.

Definitions

[0071] As used herein, “comprising” 1s to be iterpreted as
speciiying the presence of the stated features, integers, steps,
or components as referred to, but does not preclude the
presence or addition of one or more features, integers, steps,
or components, or groups thereof. Moreover, each of the
terms “by,” “comprising,” “comprises,” “comprised of,”
“including,” “includes,”  “included,” “mmvolving,”
“mmvolves,” “mvolved,” and “such as™ are used in their open,
non-limiting sense and may be used interchangeably. Fur-
ther, the term “comprising” 1s intended to include examples
and aspects encompassed by the terms “consisting essen-
tially of”” and “consisting of.” Similarly, the term *“‘consisting,
essentially of” 1s mntended to include examples encompassed

by the term “consisting of.
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[0072] As used in the specification and the appended
claims, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a substituent,” “a solvent,” or “an
enantiomer,” includes, but 1s not limited to, mixtures or
combinations of two or more such substituents, solvents, or
enantiomers, and the like.

[0073] It should be noted that ratios, concentrations,
amounts, and other numerical data can be expressed herein
in a range format. It will be further understood that the
endpoints of each of the ranges are significant both 1n
relation to the other endpoint, and independently of the other
endpoint. It 1s also understood that there are a number of
values disclosed herein, and that each value 1s also herein
disclosed as “about” that particular value 1n addition to the
value 1tself. For example, 11 the value “10” 1s disclosed, then
“about 107 1s also disclosed. Ranges can be expressed herein
as Irom “about” one particular value, and/or to “about”
another particular value. Similarly, when wvalues are
expressed as approximations, by use of the antecedent
“about,” 1t will be understood that the particular value forms
a further aspect. For example, 1f the value *“about 107 1s
disclosed, then “10” 1s also disclosed.

[0074] When a range 1s expressed, a further aspect
includes from the one particular value and/or to the other
particular value. For example, where the stated range
includes one or both of the limaits, ranges excluding either or
both of those included limits are also included in the
disclosure, e.g. the phrase “x to v includes the range from
‘X’ to ‘y’ as well as the range greater than ‘x’ and less than
‘y.” The range can also be expressed as an upper limit, e.g.
‘about X, v, z, or less’ and should be iterpreted to include
the specific ranges of ‘about x’, ‘about y’, and ‘about z” as
well as the ranges of ‘less than x°, less than y’, and ‘less than
7z’ . Likewise, the phrase ‘about x, y, z, or greater’ should be
interpreted to imnclude the specific ranges of ‘about x,” “about
y,” and ‘about z” as well as the ranges of ‘greater than x,’
greater than y,” and ‘greater than z.” In addition, the phrase
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“about ‘X’ to ‘y’”, where ‘X’ and ‘y’ are numerical values,
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includes “about ‘x’ to about ‘y’”.

[0075] It 1s to be understood that such a range format is
used for convenience and brevity, and thus, should be
interpreted 1 a flexible manner to include not only the
numerical values explicitly recited as the limits of the range,
but also to include all the individual numerical values or
sub-ranges encompassed within that range as 11 each numeri-
cal value and sub-range 1s explicitly recited. To 1llustrate, a
numerical range of “about 0.1% to 3% should be inter-
preted to include not only the explicitly recited values of
about 0.1% to about 5%, but also include individual values
(e.g., about 1%, about 2%, about 3%, and about 4%) and the
sub-ranges (e.g., about 0.5% to about 1.1%; about 5% to
about 2.4%; about 0.5% to about 3.2%, and about 0.5% to
about 4.4%, and other possible sub-ranges) within the indi-
cated range.

[0076] As used herein, the terms “about,” “approximate,”
“at or about,” and “substantially” mean that the amount or
value 1n question can be the exact value or a value that
provides equivalent results or eflects as recited 1n the claims
or taught herein. That 1s, 1t 1s understood that amounts, sizes,
formulations, parameters, and other quantities and charac-
teristics are not and need not be exact, but may be approxi-
mate and/or larger or smaller, as desired, retlecting toler-
ances, conversion factors, rounding off, measurement error
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and the like, and other factors known to those of skill in the
art such that equivalent results or eflects are obtained. In
some circumstances, the value that provides equivalent
results or eflects cannot be reasonably determined. In such
cases, 1t 1s generally understood, as used herein, that “about™
and “at or about” mean the nominal value indicated £10%
variation unless otherwise indicated or inferred. In general,
an amount, size, formulation, parameter or other quantity or
characteristic 1s “about,” “approximate,” or “at or about”
whether or not expressly stated to be such. It 1s understood
that where “about,” “approximate,” or “at or about™ 1s used
before a quantitative value, the parameter also includes the
specific quantitative value 1tself, unless specifically stated
otherwise.

[0077] As used herein, the terms “optional” or “option-
ally” means that the subsequently described event or cir-
cumstance can or cannot occur, and that the description
includes instances where said event or circumstance occurs
and instances where 1t does not.

[0078] The term “pharmaceutically acceptable vehicle”
refers to a diluent, adjuvant, excipient, or carrier with which
a compound of the disclosure 1s administered. The terms
“effective amount™ or “pharmaceutically effective amount™
refer to a nontoxic but suflicient amount of the agent to
provide the desired biological result. That result can be
reduction and/or alleviation of the signs, symptoms, or
causes ol a disease, or any other desired alteration of a
biological system. An appropriate “ellective” amount in any
individual case can be determined by one of ordinary skill 1in
the art using routine experimentation.

[0079] “‘Pharmaceutically acceptable carriers™ for thera-
peutic use are well known 1n the pharmaceutical art, and are
described, for example, 1n Remington’s Pharmaceutical Sci-
ences, 18th Edition (Easton, Pennsylvania: Mack Publishing
Company, 1990). For example, sterile saline and phosphate-
buflered saline at physiological pH can be used. Preserva-
tives, stabilizers, dyes, and even flavoring agents can be
provided 1n the pharmaceutical composition. For example,
sodium benzoate, sorbic acid and esters of p-hydroxyben-
zoic acid can be added as preservatives. Id. at 1449. In
addition, antioxidants and suspending agents can be used.

Id.

[0080] “‘Pharmaceutically acceptable salts refers to salts
or zwitterionic forms of the present compounds. Salts of the
present compounds can be prepared during the final 1solation
and purification of the compounds or separately by reacting
the compound with an acid having a suitable cation. The
pharmaceutically acceptable salts of the present compounds
can be acid addition salts formed with pharmaceutically
acceptable acids. Examples of acids which can be employed
to form pharmaceutically acceptable salts include mnorganic
acids such as nitric, boric, hydrochloric, hydrobromic, sul-
furic, and phosphoric, and organic acids such as oxalic,
maleic, succinic, tartaric, and citric. Nonlimiting examples
of salts of compounds of the disclosure include, but are not
limited to, the hydrochloride, hydrobromide, hydroiodide,
sulfate, bisulfate, 2-hydroxyethansulfonate, phosphate,
hydrogen phosphate, acetate, adipate, alginate, aspartate,
benzoate, bisulfate, butyrate, camphorate, camphor-
sulfonate, digluconate, glycerolphosphate, hemisulfate, hep-
tanoate, hexanoate, formate, succinate, fumarate, maleate,
ascorbate, 1sethionate, salicylate, methanesulfonate, mesity-
lenesulfonate, naphthylenesulfonate, nicotinate, 2-naphtha-
lenesulfonate, oxalate, pamoate, pectinate, persuliate,
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3-phenylproprionate, picrate, pivalate, propionate, trichlo-
roacetate, trifluoroacetate, phosphate, glutamate, bicarbon-
ate, paratoluenesulionate, undecanoate, lactate, citrate, tar-
trate, gluconate, methanesulionate, ethanedisulionate,
benzene sulphonate, and p-toluenesulionate salts. In addi-
tion, available amino groups present in the compounds of the
disclosure can be quaternized with methyl, ethyl, propyl,
and butyl chlornides, bromides, and 1odides; dimethyl,
diethyl, dibutyl, and diamyl sulfates; decyl, lauryl, myristyl,
and stearyl chlorides, bromides, and 10dides; and benzyl and
phenethyl bromides. In light of the foregoing, any reference
to compounds of the present disclosure appearing herein 1s
intended to include the present compounds as well as
pharmaceutically acceptable salts thereof. “Pharmaceuti-
cally acceptable salt” refers to both acid and base addition
salts.

[0081] “Modulating” or “modulate” refers to the treating,
prevention, suppression, enhancement or induction of a
function, condition, or disorder. For example, 1t 1s believed
that the compounds of the present disclosure can modulate
atherosclerosis by stimulating the removal of cholesterol
from atherosclerotic lesions 1n a human.

[0082] ““Treating” or “treatment” covers the treatment of a
disease or disorder described herein, 1n a subject, preferably
a human, and includes: (1) inhibiting a disease or disorder,
1.e., arresting 1ts development; (11.) relieving a disease or
disorder, 1.e., causing regression of the disorder; (111.) slow-
ing progression of the disorder; and/or (1v.) inlibiting,
relieving, or slowing progression of one or more symptoms
of the disease or disorder

[0083] “‘Subject” refers to a warm blooded animal such as
a mammal, preferably a human, or a human child, which 1s
afllicted with, or has the potential to be afllicted with one or
more diseases and disorders described herein.

Chemical Residues and Substituents

[0084] Terms used herein may be preceded and/or fol-
lowed by a single dash, “-,” or a double dash, “=", to indicate
the bond order of the bond between the named substituent
and 1ts parent moiety; a single dash indicates a single bond
and a double dash indicates a double bond. In the absence of
a single or double dash 1t 1s understood that a single bond 1s
formed between the substituent and 1ts parent moiety; fur-
ther, substituents are intended to be read “left to right” unless
a dash  1indicates otherwise. For  example,
C,-Cgqalkoxycarbonyloxy and —OC(O)CC alkyl indicate
the same functionality; similarly arylalkyl and -alkylaryl
indicate the same functionality.

[0085] ““Acetyl” means a —C(O)CH, group.

[0086] “Alkenyl” means a straight or branched chain
hydrocarbon containing from 2 to 10 carbons, unless oth-
erwise specified, and containing at least one carbon-carbon
double bond.

[0087] Representative examples of alkenyl include, but
are not limited to, ethenyl, 2-propenyl, 2-methyl-2-propenyl,
3-butenyl, 4-pentenyl, S-hexenyl, 2-heptenyl, 2-methyl-1-
heptenyl, 3-decenyl, and 3,7-dimethylocta-2,6-dienyl.
[0088] ““Alkoxy” means an alkyl group, as defined herein,
appended to the parent molecular moiety through an oxygen
atom. Representative examples of alkoxy include, but are
not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy,
tert-butoxy, pentyloxy, and hexyloxy.

[0089] “Alkyl” means a straight or branched chain hydro-
carbon containing from 1 to 10 carbon atoms unless other-
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wise speciflied. Representative examples of alkyl include,
but are not limited to, methyl, ethyl, n-propyl, 1so-propyl,
n-butyl, see-butyl, 1so-butyl, tert-butyl, n-pentyl, isopentyl,
neopentyl, n-hexyl, 3-methylhexyl, 2,2-dimethylpentyl, 2,3-
dimethylpentyl, n-heptyl, n-octyl, n-nonyl, and n-decyl.
When an “alkyl” group 1s a linking group between two other
moieties, then 1t may also be a straight or branched chain;
examples include, but are not limited to —CH,—,
—CH,CH,—, —CH,CH,CHC(CH,;)—, and —CH,CH
(CH,CH;)CH,—.

[0090] “Amino” means a group of formula —NR“R”
wherein R? and R” are independently selected from hydro-
gen and C1-C4 alkyl.

[0091] “Cyano” and “nitrile” as used herein, mean a —CN
group.
[0092] “Cycloalkyl” means a monocyclic or a bicyclic

cycloalkyl ring containing from 3 to 8 carbon atoms, where
such groups can be saturated or unsaturated, but not aro-
matic. In certain embodiments, cycloalkyl groups are fully
saturated. In certain embodiments of the disclosure, the
cycloalkyl 1s cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, or cycloheptyl. In some aspects, two substituents 1n a
compound of Formula I (e.g. R' and R*) can be connected
by a bond or a C1-C4 carbon bridge to form a cycloalkyl
group). For example, when R" and R” are connected by a
single bond, a cyclopropyl group 1s formed.

[0093] “Halo” or “halogen” means —C, —Br, —I or —F.
In certain embodiments, “halo” or “halogen™ refers to —Cl
or —F.

[0094] “‘Haloalkyl” means at least one halogen, as defined
herein, appended to the parent molecular moiety through an
alkyl group, as defined herein. Representative examples of
haloalkyl include, but are not limited to, chloromethyl,
2-fluoroethyl, trifluoromethyl, pentafluoroethyl, and
2-chloro-3-fluoropentyl. In certain embodiments, each
“haloalkyl” 1s a fluoroalkyl, for example, a polyfluoroalkyl
such as a substantially perfluorinated alkyl.

[0095] ““Nitro” means a group of formula —NO.,.

[0096] ““Saturated” means the referenced chemical struc-
ture does not contain any multiple carbon-carbon bonds. For
example, a saturated cycloalkyl group as defined herein
includes cyclohexyl, cyclopropyl, and the like.

[0097] “Unsaturated” means the referenced chemical
structure contains at least one multiple carbon-carbon bond,
but 1s not aromatic. For example, a unsaturated cycloalkyl
group as defined herein includes cyclohexenyl, cyclopente-
nyl, cyclohexadienyl, and the like.

[0098] Many organic compounds exist in optically active
forms having the ability to rotate the plane of plane-polar-
ized light. In describing an optically active compound, the
prefixes D and L or R and S are used to denote the absolute
configuration of the molecule about 1ts chiral center(s).

[0099] The prefixes d and 1 or (+) and (-) are employed to
designate the sign of rotation of plane-polarized light by the
compound, with (-) or meaning that the compound is
levorotatory. A compound prefixed with (+) or d 1s dextro-
rotatory. For a given chemical structure, these compounds,
called stereoisomers, are identical except that they are
non-superimposable mirror images ol one another. A spe-
cific stereoisomer can also be referred to as an enantiomer,
and a mixture of such 1somers 1s often called an enantio-
meric mixture. A 50:50 mixture of enantiomers 1s referred to
as a racemic mixture. Many of the compounds described
herein can have one or more chiral centers and therefore can
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exist in different enantiomeric forms. If desired, a chiral
carbon can be designated with an asterisk (*). When bonds
to the chiral carbon are depicted as straight lines in the
disclosed formulas, 1t 1s understood that both the (R) and (S)
configurations of the chiral carbon, and hence both enan-
tiomers and mixtures thereof, are embraced within the
formula. As 1s used 1n the art, when 1t 1s desired to specily
the absolute configuration about a chiral carbon, one of the
bonds to the chiral carbon can be depicted as a wedge (bonds
to atoms above the plane) and the other can be depicted as
a series or wedge of short parallel lines 1s (bonds to atoms
below the plane). The Cahn-Ingold-Prelog system can be
used to assign the (R) or (S) configuration to a chiral carbon.

[0100] A chiral center can be “substantially” (R) or “sub-
stantially” (S). In one aspect, a “substantially” (R) or (S)
chiral center can be at least 95% (R) or 95% (S), or at least
99% (R) or 99% (S). In another aspect, a “substantially” (R)
or (S) chiral center can be 100% (R) or 100% (S), respec-
tively. Stereochemistry can be determined by any technique
in the art including, but not limited to, crystallography,
2-dimensional NMR spectroscopy, or the like.

[0101] Unless otherwise specified, pressures referred to
herein are based on atmospheric pressure (1.e. one atmo-
sphere).

[0102] Now having described the aspects of the present
disclosure, 1n general, the following Examples describe
some additional aspects of the present disclosure. While
aspects of the present disclosure are described in connection
with the following examples and the corresponding text and

figures, there 1s no ntent to limit aspects ol the present
disclosure to this description. On the contrary, the intent 1s
to cover all alternatives, modifications, and equivalents
included within the spirit and scope of the present disclo-
sure.

ASPECTS

[0103] The following list of exemplary aspects supports
and 1s supported by the disclosure provided herein.

[0104] Aspect 1. A compound of Formula I or a pharma-
ceutically acceptable salt thereof:

Formula I

[0105] wherein R' and R”® are independently selected
from hydrogen, C1-C4 alkyl, C1-C4 haloalkyl, C3-C6

cycloalkyl, phenyl, and deuterated C1-C4 alkyl, or
wherein R' and R” together are part of a cycloalkyl

group;
[0106] wherein R° is selected from NR”, S, and O;
[0107] wherein R is selected from hydrogen, C1-C4

alkyl, and acetyl; and

[0108] wherein R* is selected from (1) a C1-C4 alkyl or

alkenyl group substituted with a substituted or unsub-
stituted aryl group or (2) a substituted or unsubstituted
5 to 10-membered aryl or heteroaryl group;
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[0109] provided that when R' and R* are methyl and R’
is NH, R* is not

7\

[0110] Aspect 2. The compound of aspect 1, wherein R’
and R” are independently selected from hydrogen, methyl,
and ethyl.

[0111] Aspect 3. The compound of aspect 1 or 2, wherein
R" and R* are methyl.

[0112] Aspect 4. The compound of aspect 1 or 2, wherein
R' and R” together are part of a cyclopropyl group.

[0113] Aspect 5. The compound of any one of the preced-
ing aspects, wherein R> is NR” and R” is hydrogen, methyl,
or ethyl.

[0114] Aspect 6. The compound of any one of aspects 1-4,
wherein R is O.

[0115] Aspect 7. The compound of aspect 1, wherein R’
and R” are methyl and R” 1s NH.

[0116] Aspect 8. The compound of any one of aspects 1-7,
wherein R* is a phenyl group substituted with one or more
of: hydroxyl, nitro, amino, halo, C,-C, haloalkyl, C1-C,
alkoxy, or C,-C, alkyl, C3-C6 cycloalkyl, or any combina-
tion thereof.

[0117] Aspect 9. The method of any one of aspects 1-7,
wherein R* is a quinoline group substituted with one or more
of: hydroxyl, nitro, amino, halo, C,-C, haloalkyl, C,-C,
alkoxy, or C,-C, alkyl, C3-C6 cycloalkyl, or any combina-
tion thereof.

[0118] Aspect 10. The compound of any one of aspects
1-7, wherein R* is

Rﬁc
Rﬁd Rﬁb
\ \
7~ P

and wherein R®, R®”, R®¢, R%? and R®® are independently

selected from hydrogen, halogen, hydroxyl, N-acetyl,
—OCF,, nitro, 1sopropyl, cyclopropyl, tert-butyl, dimethyl-
amino, or any combination thereof.

[0119] Aspect 11. The compound of any one of aspect 1-7,
wherein R* is
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and wherein R’*, R”?, R’¢, R’ R’¢, and R” are indepen-
dently selected from hydrogen, halogen, hydroxyl, N-acetyl,
—OCF;, nitro, 1sopropyl, cyclopropyl, tert-butyl, dimethyl-
amino, or any combination thereof.

[0120] Aspect 12. The compound of any one of aspects ‘
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Aspect 13. The compound of aspect 1, wherein the
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[0122] Aspect 14. The compound of aspect 1, wherein the \(‘Me,

compound of Formula I 1s selected from q
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or a pharmaceutically acceptable salt thereof. Me Me

[0123] Aspect 13. The compound of aspect 1, wherein the
compound of Formula I 1s selected from
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or a pharmaceutically acceptable salt thereof.

[0124] Aspect 16. The compound of any one of aspects
1-15, wherein the compound 1s a (+) enantiomer, a (-)
cnantiomer, or any combination thereof.

[0125] Aspect 17. The compound of any one of aspects
1-135, wherein the compound of Formula I has a chiral center
a

wherein the stereochemistry at chiral center a 1s substantially
R, substantially S, or racemic.

[0126] Aspect 18. A method for inhibiting the activity of
at least one nicotinic acetylcholine receptor (nAChR) sub-
type, the method comprising contacting the nAChR subtype
with the compound of any one of the preceding aspects.

[0127] Aspect 19. The method of aspect 18, wherein the at
least one nAChR subtype 1s an a.3p4 nAChR.

[0128] Aspect 20. The method of aspect 18 or 19, wherein
the compound has an 1C., for the nAChR subtype of less
than about 1 uM.

[0129] Aspect 21. The method of any one of aspects
18-20, wherein the compound has an IC,, for the nAChR
subtype of from about 0.25 to about 0.5 uM.

[0130] Aspect22. A pharmaceutical composition compris-
ing the compound of any one of aspects 1-17, an enantiomer
thereol, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier or excipient.

[0131] Aspect 23. A method for treating or preventing a
disease or disorder associated with aberrant activity of at
least one nicotinic acetylcholine receptor (nAChR) subtype
in a subject, the method comprising administering a thera-
peutically eflective amount of the compound of any one of
aspects 1-17 or the composition of aspect 22 to the subject.

[0132] Aspect 24. The method of aspect 23, wherein the at
least one nAChR subtype 1s an a.334 nAChR.

[0133] Aspect 23. The method of aspect 23 or 24, wherein
the subject 1s a mammal.

[0134] Aspect 26. The method of aspect 25 wherein the

mammal 1s a human, dog, cat, rat, mouse, guinea pig,
non-human primate, rabbit, or horse.
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[0135] Aspect 27. The method of any one of aspects
23-26, where the disease or disorder comprises substance
abuse, addiction, or any combination thereof.

EXAMPLES

[0136] The following examples are put forth so as to
provide those of ordinary skill in the art with a complete
disclosure and description of how the compounds, compo-
sitions, articles, devices and/or methods claimed herein are
made and evaluated, and are intended to be purely exem-
plary of the disclosure and are not intended to limit the scope
of what the inventors regard as their disclosure. Efforts have
been made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.), but some errors and deviations
should be accounted for. Unless indicated otherwise, parts
are parts by weight, temperature 1s in © C. or 1s at ambient

temperature, and pressure 1s at or near atmospheric.

Example 1: Synthesis Strategy and Motivation

[0137] Several Aristotelia alkaloids have been synthesized
by a variety of methods. The earliest of these approaches
employed Hg(INO, ),-mediated Ritter-like reactions between
a.- or [3-pinene and alkyl nitriles to generate the 3-azabicyclo
[3.3.1]non-6-ene core (FIG. 1). When (-)-p-pinene was
employed, these reactions were highly stereospecific,
whereas (-)-a-pinene (2) yvielded racemic products. Apply-
ing this strategy to the synthesis of both enantiomers of 1 1s
problematic, given the limited availability of (+)-p-pinene.
Later studies did establish that Bremsted acids induced
similar Raitter-like reactions, with both a- and [-pinene
producing optically active products. However, with Bron-
sted acids, amides arising from a second Ritter reaction were
formed as the major products (FIG. 1). Moreover, the
enantiopurity of these products was not reported. In addition
to the stereochemical 1ssues, the established Ritter-like reac-
tions have suflered from the need for large excesses of the
nitrile and have not been explored to introduce heterocycles
like quinolines to the monoterpene core. Thus, the Ritter-like
reaction was leveraged to provide rapid access to both
enantiomers of 1 (FIG. 1).

[0138] The reaction of 2 and 4-cyanoquinoline (3) in the
presence of H,SO, produced the intended product 4 as the
major product alongside an additional 1someric i1mine
(Scheme 1). A comparison of the corresponding 'H and '°C
NMR spectra revealed a striking similarity between the two
products, except for the geminal methyl groups, which
appeared as a pair of singlets 1n 4 and a pair of doublets 1n
5. COSY correlations 1n 5 indicated these methyl groups are
contained 1n an 1sopropyl group adjacent to a quaternary
carbon. Further analysis of the HMBC and COSY spectra
revealed the imine nitrogen of the minor product was bound
to the cyclohexene ring, consistent with the structure of 5.
Reduction of 4 with NaB(OAc),H delivers a hydride to the
less hindered face of the imine, producing a single diaste-
reomer whose 'H and '°C spectra are consistent with
naturally occurring 1 and (-)-1 whose structure was con-
firmed by X-ray crystallography (vide infra). A similarly
diastereoselective reduction of 5 yielded isoaristoquinoline

(6).
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Scheme 1: Synthesis of aristoquinoline and isoaristoquinoline. “®e.r. of 2 determined by optical rotation: [a]*’p = -42.52, lit. [a]*’p =-47.25.
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[0139] Encouraged by these mitial results, reaction con- [0140] Finally, both 4 and 5 were produced 1n similar

ditions were developed that would favor the selective for-
mation of 4 (Table 1). The yields of 4 and 5 were minimally
impacted when toluene was used 1n place of benzene,
whereas the use of polar solvents such as acetic acid, DMF
and DMSO proved detrimental to the reaction (entries 1-5).
Replacing H,SO, with other Brensted acids resulted in no
observed product formation (entry 6). Neither cooling nor
heating the reactions led to substantial changes in the
product yields (entries 7-8). Conducting the reactions with
an excess of a-pinene 2 did improve the yields of 1mine 4,
whereas increasing the relative amounts of nitrile 3 led to a
slight increase 1n the undesired product 5 (entries 9-10).

TABLE 1

Optimization of Ritter-I.ike Reaction Conditions

entry 2:3 solvent temp % Yield 4 % Yield 5¢
1 benzene rt 21 3
2 toluene 1t 23 (20) 4 (4)
3 AcOH rt 0 0
4 DMFE rt 0 0
5 DMSO rt 0 0
6° toluene 1t 0 0
7 toluene -10° C. 19 3
8 1:1 toluene 110° C. 15 3
9 1:4 toluene rt 23 8
10 4:1 toluene 1t 35 7
11° 4:1 toluene rt 29 5
12 ¢ 4:1 toluene 1t 41 6

“Yields determined by 'H NMR. Isolated yields in parentheses.
bl—[BF,f OEt;, TEA, or polyphosphoric acid used instead of H>50,.

“7 used in place of 2.

4 8 used in place of 2.

yields when (-)-limonene (7) and (-)-a-terpineol (8) were
used in place of 2 (entries 11-12). Interestingly, under all the
reaction conditions tested, no evidence of products arising
from a second Ritter reaction was observed via LC/MS or 'H
NMR analysis of the crude reaction mixtures. With these
optimized conditions, the yield of 4 1s comparable to that
observed with previous studies; however, these conditions
avoid the use of large excess of the mitrile, and instead rely
on an excess of the abundant, inexpensive terpenes.

[0141] While these conditions allowed for a convergent
synthesis of 1, the products from these reactions were nearly
racemic. Notably, terpenes 2, 7, and 8 all resulted 1n products
with similarly low levels of enantiopurity. Given this sur-
prising departure from previous Brensted-acid catalyzed
Ritter reactions, the reaction mechanism was investigated 1n
hopes of being able to design a more stereoselective reac-
tion. The formation of 4 and 5 1s consistent with the
mechanism proposed 1n Scheme 2A. In the presence of acid,
2, 7 and 8 generate the same carbocation mntermediate 9.
Nucleophilic attack of the carbocation of intermediate 9 by
3 1 a Raitter-like reaction forms a nitrilium 1on that is
subsequently mtercepted by the endocyclic olefin, ultimately
giving rise to 4. Conversely, if 9 undergoes a 1,2-hydride
shift to form 10 prior to attack by the nitrile, 1mine 5 1s
produced. Intermediate 10 may also be formed from the
deprotonation of 9 to 11, and subsequent reprotonation of
the tetrasubstituted olefin. The low enantiomeric ratio of 4
suggests the conversion of 9 to the achiral intermediates 10
or 11 1s reversible. Alternatively, the stereochemical scram-
bling of the products may arise from the reversible proto-
nation of the endocyclic olefin to generate an achiral car-
bocation intermediate.
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Schemes 2A-2C: Mechanistic studies examining racemuzation and product formation

A. Plausible mechanisms accounting for the formation of 4 and 3.

Me ® Me
27, H2S04 3 Me
or 8 >~ 5 Me
\/Q Me e

3 /D = 66:34
/D = 61:39
H/D = 57:43

C. Deuterium label is lost during the course of the reaction.
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D 3
H,SO,
g
PhMe
A 24 h
Me
;-8 /D = 80:20
[0142] To investigate these possible mechanisms, two

1sotopic labeling studies were conducted. First, the reaction
between 3 and 8 was conducted in the presence of D,SO,
(Scheme 2B). If mtermediate 11 1s formed during the
reaction, products 4 and 5 would be expected to incorporate
a deutertum atom at C13. Indeed, under these conditions
compounds 4 and 5 are 34% and 95% deuterated at these
positions, clearly showing intermediate 11 1s formed in the
reaction. To confirm that a concerted 1,2-hydride shiit does
not occur, deuterium-labeled terpineol (di-8) was synthe-
s1zed from the reduction of terpinolene oxide with LiAIDA4.
Reacting d1-8 with 3 1n the presence of H,SO,, produced 4

H/D = 5:95
H/D =56:44
H/D =52:48

Me

H/D = 100:0

and 5 with 80% and 100% loss of deuterium at C13,
respectively. (Scheme 2C). Taken together, these studies
reveal that the interconversion of 9 and 10 occurs through
the generation of intermediate 11.

[0143] With these mechamistic understandings, 1t 1s likely
the modest yields of 4 are due to the poor nucleophilicity of
3, particularly under the acidic reaction conditions that lead
to the protonation of the quinoline nitrogen. Notably, under
similar reactions aryl nitriles that lack a basic nitrogen do not
produce 1someric products like 5. This finding suggests the
reduced nucleophilicity of 3 also contributes to the forma-
tion of 5, by slowing the production of 4 such that the
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conversion from 9 to 10 1s competitive. The low nucleophi-
licity of 3 may also explain why products arising from the
second Ritter reaction were not observed. Regarding the
stereoselectivity of the transformation, the incorporation of
deuterrum at C11 and C15 of 4 and 5 1n the presence of
D,SO, (Scheme 2B) indicates that protonation of the endo-
cyclic olefin also contributes to the racemization of the
products. This suggests that Brensted acid-promoted Ritter-
reactions are unlikely to yield 4 with high levels of enan-
tiopurity.

[0144] In light of these considerations, 1t was reasoned
that reversing the roles of the nucleophile and electrophile
could improve both the yield and stereoselectivity of the
reaction. To test this hypothesis, an alternative approach was
adopted, employing an aza-Prins reaction as the key cycl-
ization event (Scheme 3). The tertiary alcohol of (-)-8 was
first converted to the corresponding azide 12. Subsequent
reduction of 12 with zinc provided the primary amine
(—)-13. Condensation of (-)-13 and 4-quinolinecarboxalde-
hyde (14) in the presence of 3 A molecular sieves produced
the 1mine 15. Although 15 proved diflicult to 1solate, the
addition of a solution of 15 generated in situ to TFA led to
the rapid and exclusive formation of 1.

Jul. 25, 2024

configuration of (-)-1 was determined through single-crystal
X-ray diffraction. In this X-ray crystal structure, the aro-
matic quinoline ring is positioned directly over the C17
methyl group, accounting for 1ts considerable upfield shiit in
the 'H NMR spectrum (8=0.66 ppm). Notably, the structure
proposed by Arnias places the quinoline distal to the C17
methyl group and 1s unlikely to produce the observed
anmisotropic eflfect. Finally, adopting an i1dentical procedure,
(+)-8 was successiully converted to (+)-1 1n 13% overall
yield and high enantiopurity (e.r. s 1(-):99(+)).

[0146] With both enantiomers of 1 1n hand, their activities
at the rat o34 nAChRs were evaluated by employing a
cell-based Ca”* influx assay (Table 2). As expected, neither
enantiomer of 1 nor racemic 6 produced any activation of the
nAChRs at concentrations up to 100 uM. However, 1 and 6
cllectively mhibited the action of (x)-epibatidine with simi-
lar potency to the pan-nAChR channel-blocker (£)-mecam-
ylamine. Interestingly, (+)-1 antagonizes the 334 nAChRs
more potently than (-)-1, and 1s nearly 1dentical to the IC.,
reported for 1 1solated from A. chilensis, strongly implying
that (+)-1 1s the naturally occurring enantiomer.

Scheme 3: Stereoselective synthesis of (-)-aristoquinoline®

Me

O (-)-1
O e.r.=89:11

@ indicates text missing or illegible when filed

Me
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CH,Cl,
49% vield

15

“X-ray crystallography was performed on the dihydrochloride salt of {-)-1. Ellipsoids in the ORTEP drawing indicate

50% probability.

[0145] Compound 1 formed through this route possessed
considerably 1mproved enantiopurity (e.r.=89(-):11(+))
compared to the Ritter-like reaction product. A closer
ispection of (-)-8 by optical rotation and (-)-13 by con-
version to 1ts corresponding (R)-Mosher amide revealed the
intermediates possessed similar levels of enantiopurity, indi-
cating the aza-Prins reaction proceeds with complete ste-
reospecificity. Using this enantioenriched matenal, the con-
figuration of the C9 stereogenic center and absolute

TABLE 2

Activity at the Rat a3p4 nAChRs
Determined by Calcium Influx Assay

Compound e.r.” EC,(uM)® E,__ (%) ICs, (UM)?
(£)-1 51:49 — <5 3.5 £0.9
(—)-1 89:11 — <5 34 £1.2
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TABLE 2-continued

Activity at the Rat a3p4 nAChRs
Determined by Calcium Influx Assavy

Compound e.1.? ECsq(uM)? E,.(%)° ICso (LM)4
(+)-1 1:99 - <5 0.89 = 0.36
50:50 - <5 3.4 + 0.6
MEC*® 50:50 - <5 1.1 £ 0.1
EPV 50:50 0.028 £ 0.006 100 0.012 = 0.001

“Ratios of (=)-1:(+)-1 and (-)-6:(+)-6 determined by chiral HPLC,

’Half maximal effective concentration. ECso values are not reported for compounds
cliciting <5% receptor activation.

“Maximal effective concentration relative to the maximal effect elicited by the agonist
(+)-epibatidine.

Half maximal inhibitory concentration for inhibition of receptor activation evoked by 100
nM (x)-epibatidine.
(+)-mecamylamine,

J(+)-epibatidine.

[0147] In conclusion, two approaches to 1 have been
investigated, resulting 1n the first synthesis of the alkaloid.
By studying the mechanism behind the Ritter-like reaction,
it was determined that this classical approach 1s unlikely to
lead to enantioenriched 1. The second strategy to form the
3-azabicyclo[3.3.1]non-6-ene via an aza-Prins cyclization
led to 1 with good enantiopurity, which enabled us to
unambiguously establish the absolute and relative configu-
ration via X-ray crystallography. With access to both enan-
tiomers of 1, 1t has been identified that (+)-1 possesses
considerably greater inhibitory activity at the 0.3[34 nAChR
than 1ts antipode. While the activity observed 1s similar to
that reported for the 1solated alkaloid, the configuration of
(+)-1 1s opposite that reported for other Aristotelia alkaloids
including those found 1n 4. chilensis. This unexpected result
indicates that 1in addition to being unique as the sole quino-
line-containing Aristotelia alkaloid, 1 also appears to be the
only member of 1ts enantiomeric series. In addition to these
naturally occurring alkaloids, the novel 1soaristoquinoline 6
bearing a 6-azabicyclo[3.2.1]oct-2-ene scaflold reminiscent
of peduncularine, was also shown to possess inhibitory

activity and thus represents the first entry into a previously
unknown class of nAChR ligands.

Example 2: General Procedures

[0148] All reactions were conducted under a nitrogen
atmosphere 1 oven-dried round bottom flasks fitted with
rubber septa. All reagents and solvents were purchased from
commercial suppliers and used without further purification.
The reactions were monitored using, Maeherey-Nagel silica
gel 60 F254 TLC plates and visualized usmg a UV Lamp
(254 nm), 12 chamber, and/or Dragendoril’s reagent. Com-
pounds were purified by column chromatography using
silica gel from Machery-Nagel mesh size 40-63 um. Prior to
biological evaluation compounds (x)-1, (+)-1, (-)-1, and
(£)-6 were converted to hydrochloride salts by careful
addition of ethereal HCI to solutions of the corresponding
free base 1n ether. The punity of the HCI salts was determined
on an Agilent 1260 Infinity II fitted with a Phenomenex Luna
Omega PS-C18 column (100x4.6 mm~) and a DAD detector.
A gradient of acetonitrile/water (20-45%) with 0.1% formic
acid with a flow rate of 1 mL/min was used. The purity of
all samples tested 1n the assay was determined to be >95%
by HPLC. The enantiomeric excess of compounds was
determined using the above-mentioned HPLC instrument
fitted with a Retlect-1 Amylose A 5 um column (15 cmx4.6
mm) and a DAD detector. The samples were analyzed using
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an 1socratic elution with 5% EtOH in hexanes with a flow
rate of 0.8 mL/min. The samples were prepared 1n 5% EtOH
in hexanes with 0.1% triethylamine. "H and '>C NMR were
recorded on a Bruker AVIII 400 MHz spectrometer and
referenced to the residual solvent signal (‘H 8=7.26, '°C
0=77.16 ppm). High-resolution mass spectroscopy (HRMS)
was performed on a Waters Synapt G2-S1 ESI mass spec-
trometer.

Example 3: Optimization of Ritter-Like Reaction

[0149] Imitial conditions: Concentrated sulfuric acid (0.03
ml., 0.55 mmol) was added dropwise to a stirred solution of
4-cyanoquinoline (10 mg, 0.065 mmol) in anhydrous tolu-
ene (4 mL) under an atmosphere of N, at 0° C., after which
a solution of (-)-a-pinene (8.8 mg, 0.065 mmol) 1 anhy-
drous benzene (1 mL) was added. The reaction was allowed
to warm to room temperature and stirred for 24 h. The
reaction was diluted by the caretul addition of H,O (5 mL)
and extracted with Et,O (4x10 mL). The aqueous layer was
basified with aqueous NaOH (5 M) to pH>10 and extracted
with CH,Cl, (4x10 mL). The organic layers were combined,
dried over sodium sulfate, filtered, and concentrated in
vacuo to give a crude residue. The sample was prepared for

gNMR analysis by adding ethylene carbonate (1.00 mg) to
a solution of the crude residue in 0.6 mL. CDCI,. '"H NMR

was performed at 400 MHz with 32 scans and D1=30
seconds. Characteristic peaks correlating to 4 and 5 were
identified and integrated in respect to the internal standard to
determine percent yield.

[0150] Modifications: Changes from the initial conditions
detailed 1n Table 1 followed the same protocol as above,
with modification to the indicated variable (1.e. solvent, acid,
temperature, monoterpene, or stoichiometry).

Example 4: Synthesis and Characterization of

Compounds
[0151]
CHO CN
AN NH,OHHClI X X
‘ P DMSO, 1t ‘ P
Sy N/\/
[0152] 4-cyanoquinoline, 3: Hydroxylamine hydrochlo-

ride (0.490 g, 7.05 mmol) was added portion-wise to a
stirred solution of quinoline-4-carboxaldehyde (1.00 g, 6.36
mmol) in anhydrous DMSO (4 mL) under an atmosphere of
N, at room temperature. The reaction was allowed to stir at
room temperature for 48 h and subsequently quenched by
the addition of H,O (30 mL) and extracted with Et,O (4x30
ml.). The organic layers were combined, dried over mag-
nesium sulfate, filtered, and concentrated in vacuo to give a
crude solid which was purified by silica gel chromatography

(CH,Cl1,:MeOH 100:0 to 80:20) to give 3 as a light orange-
colored solid (0.640 g, 65% yield). The "H and 'C-NMR
are consistent with those reported in literature.

[0153] Generic Scheme for Forming Bicyclic Molecules:
A generic scheme for forming a bicyclic molecule having (+)
stereochemistry 1s provided 1n Scheme 4 below. Additional
specific synthetic mechanisms are also disclosed herein.
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[0154] Ratter-Like Reaction: A solution of (-)-c.-pinene

(179 mg, 1.31 mmol) in anhydrous toluene (1 mlL) was
added dropwise to a stirred solution of sulfuric acid (18 M,
2.8 mL, 50.4 mmol) and quinoline-4-carbonitrile (200 mg,
1.30 mmol) in anhydrous toluene (4 mL) under an atmo-
sphere of N, at 0° C. The reaction was allowed to warm to
room temperature and stirred for 24 h. The reaction was
diluted by the careful addition of H,O (5 mL) at 0° C.
(ice-bath) and extracted with Et,O (2x50 mL). The aqueous
layer was basified with aqueous NaOH (10% w/v) to pH=14

25
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and extracted with CH,Cl, (3x30 mL). The CH,Cl, layers
were combined, dried over sodium sulfate, filtered, and
concentrated 1n vacuo to give a crude residue, which was
purified using silica gel chromatography (hexanes:EtOAc,
100:0 to 0:100) to give 4 (76 mg; 20% vield) and 5 (17 mg;
4.5% vyield) as colorless oils.

[0155] Compound 4: "H NMR: (400 MHz, CDCI,) 4 8.91
(d, I=4.4 Hz, 1H), 8.10 (dd, J=8.4, 1.3 Hz, 1H), 7.85 (dd,
J=8.4, 1.4 Hz, 1H), 7.69 (ddd, J=8.4, 6.8, 1.5 Hz, 1H), 7.51
(ddd, J=8.3, 6.8, 1.3 Hz, 1H), 7.30 (d, J=4.4 Hz, 1H), 5.44
(dtd, J=2.9, 29 15Hz lH) 3.12(t, J=3.3 Hz, 1H) 2.41 (m,
1H), 2.31 (m 1H), 2.23 (dt, J=12.1, 2.7 Hz, 1H), 2.08 (m,
1H), 1.83 (dt, J=12.1, 2.8 Hz, 1H), 139 (s, 3H), 1.36 (s, 3H),
1.23 (m, 3H). '°C NMR: (101 MHz, CDCIl,) 6 166.6, 150.0,
149.0, 148.4, 134.4, 129.9, 129.6, 127.2, 12577, 125.2,
122.7, 119.1, 60.4, 41.1, 33.8, 31.6, 29.0, 27.9, 25.7, 23 4.
HRMS (ESI-TOF) m/z: [M+H]™ Calcd for C,,H,3N,: 291.
1861, found: 291.1859 (0.7 ppm). [a]” 5 -1.98 (c 1.11,
CHC13).

[0156] Compound 5: '"H NMR: (400 MHz, CDCl,) & 8.95
(d, J=4.4 Hz, 1H), 8.58 (dd, ]=8.6, 1.4 Hz, 1H), 8.12 (dd,
J=8.6, 1.3 Hz, 1H), 7.73 (ddd, J=8.4, 6.8, 1.4 Hz, 1H), 7.58
(ddd, J=8.3, 6.8, 1.3 Hz, 1H), 7.47 (d, J=4.4 Hz, 1H), 5.28
(m, 1H), 3.37 (d, J=4.9 Hz, 1H), 2.46 (m, 1H), 2.08 (m, 3H),
1.80 (d, J=10.2 Hz, 1H), 1.64 (d, J=1.9 Hz, 3H), 1.14 (d,
1=6.8 Hz, 3H), 1.08 (d, J=6.8 Hz, 3H). '*C NMR: (101
MHz, CDCL,) & 174.7, 149.9, 149.0, 140.3, 136.2, 129.9,
129.6, 127.6, 126.5, 126.0, 121.0, 120.6, 77.0, 52.3, 398,

35.030.1, 23.0,17.9, 17.3. HRMS (ESI-TOF) mv/z: [M+H]+
Calcd for C, H,;N,: 291.1861, found: 291.1855 (2.1 ppm).

o]

5 . 0.0 (c 1.34, CHCL,).

NaB(OAc);H
MeOH

[0157] (x)Anstoquinoline; (x1): Sodium triacetoxyboro-
hydride (176 mg, 0.830 mmol) was added portion-wise to a
solution of 4 (40.0 mg, 0.138 mmol) in CH,CI, (6 mL) at
room temperature and under an atmosphere of N,. The
reaction was allowed to stir at room temperature for 24 h and
quenched by the addition of ag. NaHCO, (10 mL). The
reaction mixture was concentrated in vacuo and the aqueous
residue was extracted with CH,Cl, (3x10 mL). The com-
bined organic layers were dried over magnesium suliate,
filtered, and concentrated in vacuo to yield a crude residue

that was purified by silica gel chromatography (CH,Cl,:
MeOH, 100:0 to 80:20) to yield 1 as a colorless o1l (22 mg,

55% vield).
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[0158] 'H NMR: (400 MHz, CDCIl,) & 8.79 (d, J=4.6 Hz,
1H), 8.11 (d, J=8.4 Hz, 1H), 8.07 (d, J=8.4 Hz, 1H), 7.69 (x,
J=7.6 Hz, 1H), 7.58 (d, J=7.6 Hz, 1H), 7.19 (d, J=4.6 Hz,
1H), 5.57 (s (broad), 1H), 4.96 (d, J=2.4 Hz, 1H), 2.61 (q,
J=3.0 Hz, 1H), 2.47 (dd, J=12.5, 3.2 Hz, 1H), 2.32 (m, 1H),
2.13 (m, 1H), 1.76 (dt, JI=12.6, 3.3 Hz, 1H), 1.59 (dt, J=6.4,
3.2 Hz, 1H), 1.38 (s, 3H), 1.27 (s, 3H), 0.66 (d, J=2.5 Hz,
3H). '°C NMR: (101 MHz, CDCl,) & 150.2, 149.2, 148.2,
132.8, 130.6, 128.9, 126.4, 126.2, 125.0, 123.1, 117.4, 54 4,
53.2,40.7, 34.6, 30.3, 29.4, 278, 25.77, 24.2. HRMS (ESI-
TOF) m/z: [M+H]™ Calcd tor C, H,-N,: 293.2018, found:
293.2006 (4.1 ppm). [a]*>,=—2.31 (¢ 1.04, CHC],). Chiral
HPLC: 8.872 min (49%), 10.344 (51%). RP-HPLC: 1.783
min (95%).

/ N
N |
o [N
Me
vww. NaB(OAc);H
MeOH
Me /
Me
S
/ N
H H ’
N
N
Me
>1ut“"
Me /
Me
6
[0159] Isoanistoquinoline; (x)-6: Sodium triacetoxyboro-

hydride (132 mg, 0.623 mmol) was added portion-wise to a
solution of 5 (30.0 mg, 0.103 mmol) in CH,Cl, (4 mL) at
room temperature. The reaction was allowed to stir at room
temperature for 24 h and quenched by the addition of ag.
NaHCO, (10 mL). The reaction mixture was concentrated in
vacuo and the aqueous residue was extracted with Et,O
(3x20 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated i vacuo to
yield a crude residue that was purified by silica gel chro-
matography (CH,Cl,:MeOH, 100:0 to 80:20) to yield 6 as a

colorless o1l (19 mg, 63% vyield).

[0160] 'H NMR: (400 MHz, CDCl,) 6=8.85 (d, J=4.5,
1H), 8.10 (ddd, J=9.9, 8.4, 1.4, 2H), 7.76 (dd, J=4.5, 0.9,
1H), 7.68 (ddd, J=8.4, 6.8, 1.4, 1H), 7.54 (ddd, J=8.3, 6.8,
1.4, 1H), 5.43 (d, J=4.5, 1H), 5.26 (d, J=4.5, 1H), 2.89-2.83
(m 1H), 2.34 (dt, J=17.1, 2.5, 1H), 2.14-2.03 (m, 1H),
2.01-1.92 (m, 2H), 184(hept J=6.8, 1H), 1.25 (s, 1H), 1.06
(d, I=6.8, 3H), 1.02 (d, J=6.9, 3H), 0.64 (g, J=2.0, 3H). '°C
NMR: (101 MHz, CDCl,) 6=150.6, 148.5, 147.8, 136.9,
130.4, 128.7, 126.2, 122.7, 120.3, 118.8, 65.0, 63.9, 47 .4,
41.6, 37.8, 37.77, 29.9, 23.0, 18.6, 17.8. HRMS (ESI-TOF)
m/z: [M+H]" Calc for C,,H,;N,: 293.2018, found: 293.
2007 (3.8 ppm). [a]”,=-0.26 (¢ 1.54, CHCI,). Chiral
HPLC: 8.911 min (50%), 10.392 min (50%). RP-HPLC:
2.088 min (97%).
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[0161] Modified Dryzhakov Procedure: Using a modified
procedure of Dryzhakov et al., trimethylsilyl azide (5.2 mL,
39.70 mmol) was added dropwise to a solution of (-)-a-
terpineol ((-)-8; 2.00 g, 12.96 mmol) in nitromethane (6
ml.) at room temperature and under air. To this mixture,
FeCl,; (105.4 mg, 0.65 mmol) was added portion-wise and
the reaction was allowed to stir at room temperature for 40
minutes. The reaction was concentrated 1n vacuo to give a
residue that was filtered through a silica plug using hexanes
and concentrated 1n vacuo to yield 12 as a clear o1l (2.00 g,
86% vield). The H NMR of the product was consistent with
that reported in the literature” and was used without further
purification.

[0162] Ammonium chlornide (1.39 g, 26.00 mmol) was
added portion-wise to a solution of 12 (1.90 g, 10.59
mmoles) 1n H,O (10 mL) and EtOH (30 mL) at room
temperature and under air. To this mixture, zinc powder
(0.92 g, 14.07 mmoles) was added portion-wise and the
reaction was allowed to stir at room temperature. After 30
minutes, the reaction mixture was filtered through a cotton
plug and extracted with Et,O (3x50 mL). The combined
organic layers were dried over potassium carbonate and
concentrated 1n vacuo to give the crude residue, which was
purified using silica gel chromatography (CH,CIl,:MeOH:
NH_,OH, 90:5:5) to yleld (—)-13 as a clearoil (0. 750 g, 44%
yleld) The "H and "°C NMR of the resulting product were
consistent with those reported 1n the literature.

[0163] Mosher Amide Analysis: (R)-MTPA-CI (7.5 ulL,
0.03 mmol) was added to a stirred solution of (+)-8 (5 mg,
0.03 mmol) and DIPEA (8 ulL, 0.05 mmol) 1n anhydrous
CH,CIl, (1 mL) at room temperature and under an atmo-

sphere of N,. The reaction was allowed to stir at room
temperature for 20 h and quenched by the addition of NH,Cl
(1 mL) and extracted with CH,Cl, (2x2 mL). The combined

organic phase was dried over sodium sulfate, filtered, and
concentrated 1n vacuo to yield a crude residue. The residue
was purified by silica-gel column chromatography (hexanes:
EtOAc 100:0 to 90:10) to yield the (R)-Mosher amides of 8.

The d.r. for the amides was analyzed by integration of the
'"H-NMR shifts at 3.16 ppm and 3.20 ppm.

O
F;C
Me
Me O Me
ITA NaOH
- -
PhMe MeOH
/ Y
Me . Me |
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-continued

HO

Me
(+)-8

[0164] (+)-Terpineol; (+)-8: Using a modified procedure
of Yuasa and Yuasa, trifluoroacetic acid (3.2 mL, 41.8 mmol)
was added dropwise to a stirred solution of (+)-limonene
(5.00 g, 36.7 mmol) 1n anhydrous toluene (12 mL) over 4 h
at room temperature. The reaction mixture was allowed to
stir for an additional 30 min and quenched by the addition
of H,O (20 mL). The separated organic layer was extracted
with 5% NaHCO; (20 mL) and then with 5% NaCl (20 mL).
The organic layer was concentrated i vacuo to yield a
residue, which was dissolved in MeOH (10 mL) followed by
a dropwise addition of 20% aq. NaOH (7.50 ml) at room
temperature. The reaction mixture was allowed to stir for 16
h and quenched by the careful addition of conc. HCI (6 N,
1.7 mL). The mixture was extracted with hexanes (2x20 mL)
and the combined organic layer was washed with H,O (3x20
mlL). The combined organic layer was dried over sodium
sulfate, filtered, and concentrated i vacuo to yield a crude

residue. The residue was purified by silica-gel column
chromatography (hexanes:EtOAc; 100:0 to 90:10) to yield

(+)-8 (2.80 g, 49% vyield) as a colorless oil. The 'H and
'C-NMR of the product are consistent with the values
reported 1n literature and commercial (-)-8.

Me Me Me
O Me N. Me ILN Me
TMSN; /n
FeCl; NH,(Cl
- -
MeNO> EtOH

T Y h

Me Me Me
(+)-8 (+)-13
[0165] (+)-13: An identical two-step procedure used to

convert (+)-8 to (+)-13 was used to convert (+)-8 (3.00 g,

19.4 mmol) to (+)-13 (900 mg, 30% vyield). All spectral data

were consistent with literature values and commercial (-)-
13.

Me
LN Me
N
T Y 3 AMS
+ -
‘ CH,Cl,
Y S L
Mo CHO
(+)-13 14
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-continued

TFA
=
CH,Cl

(-)-1

[0166] Aristoquinoline, (-)-1: Quinoline-4-carboxalde-
hyde 14 (79.0 mg, 0.503 mmol) was added in a single
portion to a stirred solution of the (-)-13 (73.0 mg, 0.476
mmol) and 3 A molecular sieves in anhydrous CH,Cl, (4
ml) under an atmosphere of N,. The reaction was allowed
to stir for 16 h and quenched by the addition of aq. NaHCO,
(10 mL) and extracted with CH,Cl, (3x20 mL). The com-

bined organic phases were dried and concentrated 1n vacuo
to give an oily residue. A solution of the residue 1n anhy-
drous CH,Cl, (2 mL) was transierred to a stirred solution of
TFA (1 mL, 13.1 mmol) 1n anhydrous CH,Cl, (3 mL). The
reaction was allowed to stir for 30 mins, followed by the
careful addition of aq. NaHCO; until basic. The aqueous
layer was extracted with CH,Cl, (3x20 mL) and the com-
bined organic phases were dried over sodium sulfate, fil-
tered, and concentrated 1n vacuo to yield an oily residue. The
crude was purified by silica gel chromatography (CH,Cl,:
MeOH:NH_,OH; 89:1:10) to afford the free base of (-)-1 as
a colorless o1l (68 mg, 49% vield). For X-ray crystallogra-
phy, the free base of (-)-1 was converted to 1ts dihydrochlo-
ride salt by dissolving in Et,O and treating dropwise with an
cthereal HCI solution until turbidity persisted. The Et,O and
excess HCI were removed 1n vacuo to leave a white solid,
which was recrystallized 1n EtOH/EtOAc.

[0167] 'H NMR: (400 MHz, CDCIl,)  8.78 (d, J=4.6 Hz,
1H), 8.10 (dd, J=8.4, 1.3 Hz, 1H), 8.07 (dd, J=8.5, 1.3 Hz,
1H), 7.69 (ddd, J=8.4, 6.8, 1.5 Hz, 1H), 7.58 (ddd J=8.3,
6.8, 1.5 Hz, 1H), 7.19 (d, J=4.6 Hz, 1H), 5.57 (s (broad),
1H), 4.96 (d, J=2.5 Hz, 1H), 2.61 (q, J=3.0 Hz, 1H), 2.47 (dt,
J=12.6, 3.4 Hz, 1H), 2.33 (m, 1H), 2.12 (m, 1H), 1.76 (dt,
J=12.6, 3.3 Hz, 1H), 1.59 (dt, J=6.5, 3.3 Hz, 1H), 1.38 (s,
3H), 1.27 (s, 3H), 0.66 (dt, J=3.2, 1.7 Hz, 3H). '°C NMR:
(101 MHz, CDCl,) o 150.2, 1492 148.2, 132.8, 130.7,
128.9, 126.4, 126.2, 125.0, 123.1, 117.4, 54.3, 53.2, 40.7,
34.6, 30.3, 294, 27.8, 25.7, 24.1. HRMS (ESI-TOF) m/z:
[IM+H]" Calcd for C, H,-N,: 293.2018, found: 293.2013
(1.7 ppm). [a]* : =189.57 (c 15.2; CHCL,). Chiral HPLC:
8.136 min (11%), 8.953 min (89%). RP-HPLC: 1.738 min
(97%).




US 2024/0246970 Al
Me
H,N Me
- N\ XY 3AMS
" CILCL
N
Me -
Me
TFA
CH,CL
S
B Me
Me
==\ HN—_%
N\ X\I-—Me

(+)-1

[0168] Aristoquinoline, (+)-1: Synthesized using the same
procedure as (-)-1 using (+)-13 (100 mg, 0.652 mmol) and
14 (107 mg, 0.681 mmol), to yield (+)-1 as a clear o1l (81
mg, 43% vield).

[0169] 'H NMR: (400 MHz, CDC1,) 8 8.79 (d, J=4.6 Hz,
1H), 8.11 (dd, J=8.5, 1.3 Hz, 1H), 8.08 (dd, J=8.5, 1.4 Hz,
1H), 7.69 (ddd, J=8.3, 6.8, 1.4 Hz, 1H), 7.58 (ddd, J=8.3,
6.8, 1.4 Hz, 1H), 7.20 (d, J=4.6 Hz, 1H), 5.57 (dtd, J=3.0,
3.0, 1.6 Hz, 1H), 4.96 (d, J=2.5 Hz, 1H), 2.61 (q, J=2.9 Hz,
1H), 2.47 (dt, J=12.6, 3.1 Hz, 1H), 2.33 (m, 1H), 2.12 (m,
1H), 1.76 (dt, J=12.6, 3.3 Hz, 1H), 1.59 (dt, J=6.4, 3.2 Hz,
1H), 1.38 (s, 3H), 1.27 (s, 3H), 0.66 (dt, J=3.2, 1.7 Hz, 3H).
"“C NMR: (101 MHz, CDCl,) 8 150.2, 149.2, 148.2, 132.7,
130.6, 128.9, 126.4, 126.1, 125.0, 123.0, 117.4, 54.3, 53.2,
40.7, 34.6, 30.3, 29.4, 27.7, 25.6, 24.1. HRMS (ESI-TOF)
m/z: [M+H]" Calcd for C,,H,<N,: 293.2018, found: 293.
2013. [a]* ,: +202.28 (¢ 1.23, CHCL,). Chiral HPLC: 8.241
min (>99%). RP-HPLC: 1.710 min (97%).

Example 5: Additional Exemplary Syntheses,
Yields, and 1C., Values

[0170]
Me
~ R
N .‘3- e X 3_\N §‘ME
T’ Me
R]A )J\ RIA
RN A R; H _ A
<r NaBH(OAc)s, Qr
Me Acetic Acid
THF Me

23

Jul. 25, 2024

[0171] Alkylated Amines: A solution of ARQ-analog (1
equiv) and THF (3 mL) was treated with aldehyde (eq.1.1)
and NaCNBH, (2 equiv) at room temperature. The reaction
was stirred for 10 min. Glacial acetic acid was added and
reaction was monitored by TLC until starting material was
consumed. Upon completion, the solvent was removed 1n
vacuo, and the resulting solid was diluted with water (5 mL)
and basified by addition of sodium bicarbonate solution (25
mlL) to a pH of >8. The aqueous layer was washed with 30
ml ethyl acetate. The combined organic layer was washed
with saturated NaCl and H,O and dried over Na,SO,, and
concentrated under vacuum. The crude product was purified
by silica column chromatography using 0-10% MeOH/
DCM to afford product.

[0172] The methylated compound was prepared from aris-
toquinoline and paraformaldehyde according to the above

procedure. Yield 26%, 1C., 1.4 uM.

N J&Me
I / \ \I\Me
N
Me

[0173] The ethylated compound was prepared from
4-fluoro-3-trifluoromethyl ARQ denvative and acetylal-

edhyde according to the above procedure. Yield 19%, IC.,
0.76 uM.

F;C
E
Me /
BEF3-Et,O
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[0174] Compounds Containing Oxygen Heterocycles: A TABI E 3-continued

solution of (+)-limonene (1 eq). and dichloromethane (4 mlL)
was treated with BFB.Etzo (0_20 eq_) at =79° C. The Yields (%) and a3p4 nAChR IC;, Values (uM) for Selected Compounds

aldehyde (1.1 eq.) was added dropwise to flask and allowed
to react for 2 hours. The reaction was monitored by TLC

until starting material was consumed. Upon completion, the / \
solvent was removed 1n vacuo, and the resulting solid was
diluted with EtOAc (30 mL) and was washed by addition of N=
sodium bicarbonate solution (30 mL). The combined organic 590
extract was further washed with saturated NaCl and dried 2.8 UM
over Na,SO,, and concentrated under vacuo. The crude
product was purified by silica column chromatography using
Hex/EtOAc solvent system to aflord the product. / \
—N
22%
1.6 M
39%
0.39 UM

[0175] This exemplary compound was prepared according

to the procedure above using 4-fluoro-3-trifluoromethylbez- / \
aldehyde. Yield 68%, IC.,>>100 uM. %—(

[0176] Additional Exemplary Compounds: Additional

exemplary compounds having the following generic struc-

ture are shown below. 24%
0.66 UM
\, 4</ \
14%
12 uM
R e F3(3_</ \
[0177] R and R” can independently be hydrogen, methyl,
ethyl, isopropyl, cyclopropyl, phenyl, —CD,, —CF,, or —
—CH,CF,. R’ is NH, NMe, NEt, NAc, NPh, another alkyl 230,
or cycloalkylamine, S, or O, and R* can be selected from: 0.7 :M
[0178] Exemplary R, groups and associated yields and
IC, values are shown 1n Table 3 below:
—d N\
TABLE 3 o
Yields (%) and a3p4 nAChR IC54 Values (uM) for Selected Compounds R
/ \ 35%
Cl 0.32 UM
N= F
253%
2.9 UM

dN
\_ F

33%

23% 12 uM
0.62 UM
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TABLE 3-continued TABLE 3-continued
Yields (%) and a3p4 nAChR ICs5, Values (pM) for Selected Compounds Yields (%) and a3p4 nAChR IC,, Values (uM) for Selected Compounds
i\ w
F;C
O>N
52%
0.28 uM 48%
2.0 uM
<~ /N
b
- H>N
28%
N\
b
O
49%
>100 uM 10%

23.29 uM

—0
< > % 21%
— 52% uM

10% N/ \

>100 uM

HO

/7 \

___ 5297
0.89 UM

NO,
N

74% / \
3.17 uM

OzN%_\ \ /

520 8%
3.1 pM 0.51 uM
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TABLE 3-continued TABLE 4-continued

Yields (%) and a3p4 nAChR IC,, Values (uM) for Selected Compounds "
a3 [34 nAChR ICs, Values (uM) for Selected Compounds®

/ \ 3.17 pM

( |

4.5%
5.1 M nd
/ \

0.70 pM
\__/ S
N
R* = G
20.5%
4.1 M

</ \ 20 i

/

e

0.70 uM
Aristoquinoline N \ 0.27 uM
[0179] Further exemplary compounds and ¢.334 nAChR R4 — N~
IC, values are found 1n Table 4:
TABLE 4
a3p4 nAChR ICs, Values (uM) for Selected Compounds® * N 1.94 uM
HO OH 102 M
Xy~ _
\ Y
R* = .

2.17 uM
0.81 pM /

X X
R - N TN
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TABLE 4-continued TABLE 4-continued
a3p4 nAChR IC., Values (uM) for Selected Compounds® * .
a3p4 nAChR ICs5, Values (uM) for Selected Compounds
R?=NCH,CH; —
K F 0.28 uM
\ /CF3 CF3
R4 _ R4 _
/
R3 = NCH; 1.41 uM
74
N \ N
X X
R4 _ — . R4 — ‘
I/ NF
Clj 0.79 uM
b b —
\
R4 = R4 _
/
Py
R* = L / N N ‘ T X
R* =
WJVM/ NF
b 0.32 uM
b
Xy CF; _
R* = ‘
/ 3
| R* =
‘ AN A N 5.10 uM
4 _
R = F F CF; _
N
XX
F 11.6 uM R* = ‘
Z\F
R* =
b
23.3 uM
T _

/l\/ N\

R* = ‘ R* = .

A




US 2024/0246970 Al

TABLE 4-continued

a3p4 nAChR IC5, Values (uM) for Selected Compounds® b

N 0.62 uM
N H

/

F\ 0.52 uM
HN

Cl 2.90 uM
N7 X
R* = ‘
.
0.66 UM
v
R4: ‘/\
P
2.84 uM
N/\ it
4 ‘
R4 = Z
0.39 uM
X
R* = ‘
pZ
1.64 uM
B “
Ri= N /

)<

<

33
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TABLE 4-continued

E13|34 nAChR ICs, Values (uM) for Selected Compounds® *

- \/F >200 pM

R4 vji'
R3 s >200 j.LM

)\/ s

X
R* = :‘ /:
‘ _
‘/\/ A
R* =
: /;\/
/ 0.89 pM
cR4 = e

‘“Rl and R? are methyl.
PR3 is NH unless otherwise indicated.

“Aristoquinoline

Example 6: Deutertum Labeling Experiments

10180]
Me Me Me Me
‘ O LiaD,
CILCL, TOE
Y Y
Me Me
terpinolene terpinolene

oxide
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-continued

Me Me
no-_| - D Me
D OH

_I_
S S

Me Me

di-8 d-terpin-4-ol

[0181] Synthesis of d-8: A solution of m-chloroperbenzoic
acid (3.36 g, 70-75%) 1 anhydrous CH,Cl, (20 mL) was
added dropwise to a solution of terpinolene (2.00 g, 14.7
mmol) i anhydrous CH,Cl, (6 mL). Af

ter 1 h, the reaction
was quenched by the addition of sat. aq. NaHCO, (20 mL)
and H,O (20 mL). The organic phase was dried over
MgSO,, filtered and the concentrated in vacuo to yield a
residue. The residue was purified by silica-gel chromatog-
raphy (pentane:Et,O; 90:10) to yield terpinolene oxide (1.35
g, 61% vyield) as a colorless oil. The 'H- and '*C-NMR were
consistent with the values reported 1n literature.

[0182] In a modified procedure by Gurudutt et al., lithium
aluminum deuteride (65.0 mg, 1.55 mmol) was added to a
stirred solution of aluminum chloride (69.0 mg, 0.518
mmol) i anhydrous THF (6 mL) at 0° C. for 15 minutes. To
this stirred solution, a solution of terpinolene oxide (790 mg,
5.19 mmol) 1n anhydrous THF (4 mL) was added dropwise
and the reaction was allowed to warm to room temperature
and stirred for 16 h. The reaction was quenched by the
careful addition of H,O (3 mL) at 0° C. and the suspension
was filtered over Celite and extracted with Et,O (3x30 mL).
The combined organic layer was dried over MgSQO,, filtered,
and concentrated 1n vacuo to yield a residue. The residue
was purified by silica-gel chromatography (hexanes: EtOAC;
08:2) to yield dr-8 (65 mg, 8.1% vield) and dr-terpin-4-ol
(279 mg, 35% vield).

Me
o Me
N
< XYY paso,
i ‘ PhMe
ar S
Me CN
/ N
Me,
YA
Me \\ // Me \/ I
> >
Me Me
4 5
[0183] Ritter-Like Reaction using D,SO,: Concentrated

D,SO, (1.4 mL, 25.59 mmol) was added dropwise to a
stirred solution of 4-cyanoquinoline (464 mg, 3.01 mmol) 1n

34
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anhydrous toluene (4 mL) under an atmosphere of N, at 0°
C., after which a solution of 8 (1.8577 g, 12.04 mmol) 1n
anhydrous toluene (1 mL) was added. The reaction was
allowed to warm to room temperature and stirred for 24 h.
The reaction was diluted by the careful addition of H,O (5
ml) and extracted with Et,O (4x10 mL). The aqueous layer
was basified with aqueous NaOH (5 M) to pH>10 and
extracted with CH,Cl, (4x10 mL). The CH,Cl, layers were
combined, dried over sodium sulfate, filtered, and concen-
trated 1n vacuo to give a crude residue, which was purified
using silica gel chromatography (hexanes:EtOAc, 100:0 to
0:100) to give 4 (76.6 mg; 8.8% yield) and 5 (33.4 mg; 3.8%
yield) as colorless oils.

Me
O Me
D
N
N H,SO,
' ‘ PhMe
\(\/
Me
F
Me, N /T \ N
) N N\ AN /Il\
A\
Me \ / Me I
wws
\ 7 . /
Me Me
4 5
[0184] Ritter-Like Reaction on d-8: A solution of d-8 (130

mg, 0.837 mmol) in anhydrous toluene (1 mL) was added
dropwise to a stirred solution of sulturic acid (0.4 mL, 7.14
mmol) and quinoline-4-carbomitrile (129 mg, 0.837 mmol)
in anhydrous toluene (5 mL) under an atmosphere of N, at
0° C. The reaction was allowed to warm to room tempera-
ture and stirred for 24h. The reaction was quenched by the
careful addition of H,O (5 mL) at 0° C. and extracted with
Et,O (2x50 mL). The aqueous layer was basitied with
aqueous NaOH (10% w/v) to pH=14 and extracted with
CH,Cl, (3x30 mL). The organic layers were combined,
dried over sodium sulfate, filtered, and concentrated in
vacuo to give a crude residue, which was purified using
silica gel chromatography (hexanes:EtOAc, 100:0 to 0:100)
to give 4 (15 mg; 6.2% vield) and 5 (10 mg; 4.1% vield) as
colorless oils.

Example 7: Calcium Influx Assay

[0185] Assay Description. HEK293 cells expressing the
rat 334 nAChR were loaded with an intracellular, calcium-
sensitive dye. Activation of the receptor results 1 an
increase 1n the intracellular calcium concentration and a
corresponding increase 1n fluorescent signal. Multiple con-
centrations ol test compounds were first applied to the
ra3p4-HEK293 cells and monitored for their ability to
activate o334 nAChRs. Following a 20-minute incubation,
100 nM (x)-epibatidine was then applied to the cells to
assess the inhibitory activity of the test compounds. This
process allowed us to sequentially measure each com-
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pounds’ hall maximal effective concentration (EC.,) and
half maximal 1nhibitory concentration (IC.,).

[0186] Cell culture. HEK-293 cells expressing rat o334
nicotinic acetylcholine receptors were cultured in Dulbec-
co’s modified Eagle’s medium, supplemented with 10%
fetal bovine serum, G-416 (0.6 mg/mL), penicillin (100U/
mlL), streptomycin (100 ug/mlL.), and were maintained in an
atmosphere of 5% CO, at 37'C. For fluorescence assays, the
cells were seeded mto 96-well flat bottom, black wall plates,
at a density of approximately 50,000 cells per well 1n 75 uL.
ol media.

[0187] Cells seeded at this density grew into a confluent
monolayer in 24 h. Ca** fluorescence assays. Ca** uptake
was determined using a FLIPR calcium 6 assay.

[0188] For dye loading, the fluorescent dye was reconsti-
tuted 1n 10 mL assay builer according to the manufacturer’s
protocol. 75 uL of the dye solution was added to each well
and the plate was mcubated at 37° C. for 1 h. Plates were
then transferred to a FlexStation 3 maintained at 37° C.
[0189] Dual Agonist/AntagonistAssay. For calcium mea-
surements, fluorescence measurements (Ex: 485 nM, Em:
525, Cutoil: 515 nM) were taken for 20 seconds prior to
addition of compounds (50 uL of HBSS+0.1% DMSO
solution at 5x final concentration) using a FlexStation 3
followed by 90 seconds of continuous measurements. For

agonist assays, 12 concentrations of test compounds were
added to the cells (300 uM-100 uM, final concentrations).
Epibatidine (30 uM -10 uM) and mecamylamine (150
uM-30 uM) were used as agonists and antagonist positive
controls (FIGS. 2A-2B).

[0190] For subsequent antagonist assays, epibatidine (100
nM, final concentration in HBSS) was added to each well 20
min after the 1mitial agonist assay. Once again, the fluores-
cence measured for 28 seconds prior to addition and 90
seconds afterwards.

[0191] Data reduction. Ligand response for both agonist
and antagonist data was calculated by subtracting the aver-
age of the pre-addition tluorescence (F ) from the maximum
response (F_ ) for each well, correcting to a DMSO con-
trol, and normalizing to the maximal response produced by
epibatidine. Each concentration-response point represents a
mimmum of two technical replicates and three biological
replicates. EC.,, E, ., and IC., values were calculated from

corresponding concentration-response curves (see FIGS.
3A-3B) fitted using the logistical curve 1n OriginPro.

Example 8: X-Ray Crystallography

[0192] The dihydrochloride salt of (-)-1 was recrystal-
lized in EtOH/EtOAc via slow evaporation. A small crystal
measuring roughly 0.1 mm on edge was selected and rotated
over 360° to collect intensity data at a wavelength of
0.61991 A at beamline 21-ID-D, Advanced Photon Source,
Argonne National Laboratory on an Eiger 9M detector. The

unit cell was determined to be monoclinic, space group P2,
(No. 4), with unit cell parameters of a=12.803(9), b=18.412

(8), c=14.971(7), f=90.99(3)° and four independent mol-
ecules 1n the asymmetric unit. Structure solution and refine-
ment led to R(F)=0.0478. The Flack parameter x=-0.02(2).
The structure has been deposited with the CCDC: deposition
number 2084820. An exemplary X-ray structure i1s shown in

FIG. 4.

[0193] It should be emphasized that the above-described
embodiments of the present disclosure are merely possible
examples of implementations set forth for a clear under-
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standing of the principles of the disclosure. Many varnations
and modifications may be made to the above-described
embodiment(s) without departing substantially from the
spirit and principles of the disclosure. All such modifications
and variations are intended to be included herein within the
scope of this disclosure and protected by the following
claims.
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1. A compound of Formula I or a pharmaceutically
acceptable salt thereof:

Formula I

wherein R' and R” are independently selected from hydro-
gen, C1-C4 alkyl, C1-C4 haloalkyl, C3-C6 cycloalkyl,
phenyl, and deuterated C1-C4 alkyl, or wherein R" and
R* together are part of a cycloalkyl group:;

wherein R is selected from NR”, S, and O;

wherein R is selected from hydrogen, C1-C4 alkyl,
and acetyl; and

wherein R” is selected from (1) a C1-C4 alkyl or alkenyl
group substituted with a substituted or unsubstituted
aryl group or (2) a substituted or unsubstituted 5 to
10-membered aryl or heteroaryl group;

provided that when R' and R? are methyl and R> is NH,
R* is not

7\

N

2. The compound of claim 1, wherein R' and R” are
independently selected from hydrogen, methyl, and ethyl.

3. The compound of claim 1, wherein R' and R* are
methyl.

4. The compound of claim 1, wherein R' and R* together
are part ol a cyclopropyl group.

5. The compound of claim 1, wherein R® is NR> and R>
1s hydrogen, methyl, or ethyl.

6. The compound of claim 1, wherein R> is O.
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7. The compound of claim 1, wherein R" and R* are
methyl and R® is NH.

8. The compound of claim 1, wherein R* is a phenyl group
substituted with one or more of: hydroxyl, nitro, amino,
halo, C1-C4 haloalkyl, C,-C, alkoxy, or C,-C, alkyl, C3-C6
cycloalkyl, or any combination thereof.

9. The compound of claim 1, wherein R* is a quinoline
group substituted with one or more of: hydroxyl, nitro,
amino, halo, C,-C, haloalkyl, C,-C, alkoxy, or C,-C, alkyl,
C3-C6 cycloalkyl, or any combination thereof.

10. The compound of claim 1, wherein R* is

and wherein R®%, R®”, R®, R%?, and R®° are independently
selected from hydrogen, halogen, hydroxyl, N-acetyl,
—OCF,, nitro, 1sopropyl, cyclopropyl, tert-butyl, dimethyl-
amino, or any combination thereof.

11. The compound of claim 1, wherein R” is

and wherein R7*, R’?, R’¢, R’?, R”¢, and R” are indepen-
dently selected from hydrogen, halogen, hydroxyl, N-acetyl,
—OCF;, nitro, 1sopropyl, cyclopropyl, tert-butyl, dimethyl-
amino, or any combination thereof.

12. The compound of claim 1, wherein R* is

NN

\ | ]

F

N X

X
N\

/
/

\
\

b

‘/\ N ‘/\/\N ‘ NN
:/:\,//N= ;/: 2 N A
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-continued

-continued

Cl,

7\

Br,

ar

OH,

HO

13. The compound of claim 1, wherein the compound of

Formula I 1s selected from
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-continued -continued

HN S

or a pharmaceutically acceptable salt thereof. >_§©_A "
14. The compound of claim 1, wherein the compound of

Formula I 1s selected from §
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-continued -continued

or a pharmaceutically acceptable salt thereof.

15. The compound of claim 1, wherein the compound of
Formula I 1s selected from
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-continued
Me

W"Me,

or a pharmaceutically acceptable salt thereof.

16. The compound of claim 1, wherein the compound 1s
a (+) enantiomer, a (-) enantiomer, or any combination
thereof.

17. The compound of claim 1, wherein the compound of
Formula I has a chiral center a

wherein the stereochemistry at chiral center a 1s substantially
R, substantially S, or racemic.

18. A method for mhibiting the activity of at least one
nicotinic acetylcholine receptor (nAChR) subtype, the
method comprising contacting the nAChR subtype with the
compound of claim 1.

19. The method of claim 18, wherein the at least one
nAChR subtype 1s an a3p4 nAChR.

20. The method of claim 18, wherein the compound has
an 1C., for the nAChR subtype of less than about 1 uM.

21. The method of claim 18, wherein the compound has
an 1C., for the nAChR subtype of from about 0.25 to about
0.5 uM.

22. A pharmaceutical composition comprising the com-
pound of claim 1, an enantiomer thereof, or a pharmaceu-
tically acceptable salt thereof, and a pharmaceutically
acceptable carrier or excipient.

23. A method for treating or preventing a disease or
disorder associated with aberrant activity of at least one
nicotinic acetylcholine receptor (nAChR) subtype 1n a sub-
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ject, the method comprising administering a therapeutically
cllective amount of the compound of claim 1 or the com-
position of claim 22 to the subject.

24. The method of claim 23, wherein the at least one
nAChR subtype 1s an a.3p4 nAChR.

25. The method of claim 23, wherein the subject 1s a
mammal.

26. The method of claim 25 wherein the mammal 1s a
human, dog, cat, rat, mouse, guinea pig, non-human primate,
rabbit, or horse.

27. The method of claim 23, where the disease or disorder
comprises substance abuse, addiction, or any combination
thereof.




	Front Page
	Drawings
	Specification
	Claims

